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PREFACE TO THE SECOND EDITION 



Accumulating experience in the civilian clinic and in field and 
base hospitals in France has added so much corroborative evi- 
dence of the soundness of the fundamental principles of anoci- 
association and of its practical application, that we have ventured 
to rewrite and augment our former volume. 

As in the first edition, our purpose is to present as concisely as 
possible the principles upon which the doctrine of anoci-associa- 
tion is based and their practical application. To this end we 
have omitted any discussion of the various theories of shock. 

G. W. Crile. 
W. E. Lower. 

Cleveland, Ohio, 
October, 1919. 
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INTRODUCTION 

THE EVOLUnON OF THE THEORY OF SHOCK AND 

THE SHOCKLESS OPERATION 

In 1893 we began an experimental investigation of the com- 
parative effects on the blood-pressure and respiration of tramna- 
tism of different kinds and of var^dng degrees of intensity inflicted 
upon various parts and organs of the body. These researches 
were published in detail in 1897 in a monograph.^ In this researdi 
we found that shock is most readily caused by trauma of the 
parts most richly supplied with sensorj- ner\'es; that the more 
intense the trauma, the more rapid the production of shock; 
that hemorrhage and asph^-xia predispose to shock. These ob- 
servations led us to the conclusion that shock is a state of exhaus- 
tion; and since, from the surgeon's point of view, the most xitsl 
phenomenon accompanying shock is a low blood-pressure, we con- 
cluded at that time that the most important effect of traumatism 
as it is related to practical surgery- is the impairment of the vaso- 
motor mechanism. It was soon apparent, however, that this 
conception did not adequately explain all the phenomena of 
shock. 

We then investigated various methods by which shock might 
be prevented, and found that the shock phenomena did not follow 
trauma, however prolonged or intense, in territories the nerve- 
supply of which was blocked; that shock during operation or in- 
jury was conspicuously diminished by morphin administered 
hypodermically prior to the operation or injur}% and by local 

^ G. W. Crile: An Experimental Research into Surgical Shock. 
2 17 



1 8 ANOCI-ASSOCUTION 

and regional anesthesia; that careful handHng, sharp dissection, 
and minimum trauma, also, were effective in preventing shock. 

These later investigations, published in 1901,* laid the founda- 
tion for the development of a preventive technic which we later 
designated anoci-association. 

In our belief that one of the most vital effects of shock was low 
blood-pressure, we next directed our attention to the maintenance 
of the blood-pressure, and first investigated the drug stimulants 
in common use, such as alcohol, camphor, strychnin, nitroglycerin, 
digitalis. We were disappointed in finding that none of these drugs 
prevented or lessened shock, but that, on the whole, they pre- 
disposed to or increased shock. This was especially true in the 
case of strychnin, for we found that shock could be produced by 
strychnin alone, and that it was as illogical to treat traumatic 
shock with strvchnin as it would be to treat strvchnin shock with 
trauma. 

We then endeavored to maintain the blood-pressure by apply- 
ing pressure upon different parts of the body, and devised a pneu- 
matic suit, by means of which the general blood-pressure could 
be raised at will within a range of from 15 to 45 mm. of mercury; 
but the suit was cumbersome and uncomfortable and was 
abandoned. We then sought to raise and sustain the blood- 
pressure by increasing the atmospheric pressure. Animals were 
placed in a metal cylinder within which the atmospheric pres- 
sure could be varied at will. We found that the atmospheric 
pressure was transmitted equally through all parts of the body, 
and that therefore the general blocxl-pressure could not be in- 
creased by this means. By connecting the pulmonary tract 
with the external air while the bodv of the animal remained 
within the metal cylinder blood was easily thrown into the 

* G. W. Crilo: An Ex|)orimental and Clinical Research into Certain Prob- 
lems Uelating to Surgical Operations. 
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heart and lungs, and the blood-pressure raised and well sus- 
tained; but this required a cumbersome apparatus and the heart 
was easily overloaded. 

Having failed to establish any valuable therapeutic action in 
drugs, in direct mechanical pressure on the ])ody, or in increased 
air pressure, we turned to the treatment of shock ])y means of 
infusions. Since the preceding experiments proved that in shock 
the heart was ])ut little impaired, it would api)car that a volume of 
Huid sufficient to fill the vascular system might give the heart 
the opportunity to circulate the blood, and there])y overcome the 
damaging anemia of the brain. 

We found that Lockers and Ringer's solutions and saline solu- 
tion raised the blood-pressure only temporarily, and, moreover, 
that whatever the rate of infusion, the hemoglobin estimation and 
the red-blood-cell counts showed that the blood was not materially 
diluted. Moreover, after sufficiently large infusions the animals 
died in from five to eight minutes. The solutions passed through 
the vessel walls as fast as they entereed. The alxlomen dis- 
tended rapidly and became hard and tense. The fluid accumu- 
lated in the walls and lumina of the stomach and the intestines, 
in the liver, and in the spleen, thus mechanically fixing the 
diaphragm and floating ribs, so that death was caused by 
asphyxia. 

We then investigated the effects of adrenalin, and found that 
by employing a continuous intravenous infusion of a 1 : 50,000 
solution of adrenalin at the rate of 3 c.c. per minute it was 
possible to maintain the blood-pressure for many hours. By 
this means the circulation in a decapitated dog was main- 
tained for eleven hours. Adrenalin infusions were found effective 
in human cases, but the obvious difficulties and dangers in its use 
led us to continue the search for a better therapeutic agent by 
means of which the blood-pressure could be maintained. Later 
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researches showed that the excessive administration of adrenalin 
in itself causes exhaustion. 

From these observations we concluded that the ideal treat- 
ment of shock would be to fill the blood-vessels with some fluid 
which would not pass through the vessel walls, would cause no 
chemical injury, would carry oxygen, and would always be im- 
mediately available. Human blood is the only fluid which possesses 
all these qualities. We therefore sought for a method by which the 
circulations of two animals could be so connected that blood could 
be transmitted at will from one to the other. At first we used 
glass cannute and rubber tubing, but clotting interfered. Then 
we used the Carrel suture technic, which was excellent, but tech- 
nically too difficult for general use. Finally, a special connecting 
cannula was devised. We found that the transfusion of blood 
raised and maintained the blood-pressure more efficiently than any 
other agent we had tried. An overtransfiised animal could even 
be decapitated without resultant change in its blood-pressure, pro- 
vided artificial respiration was maintained. If an animal was 
overtransfused one day and decapitated the next its blood-pres- 
sure did not fall. These experiments showed that the elasticity of 
the overdistended blood-vessels supplied the normal peripheral 
resistance. 

We then believed we had found a specific for shock, but fur- 
ther experimental research and clinical experience soon demon- 
strated that blood transfusion had certain limitations. In the 
clinic we found that transfusion was specific for hemorrhage, and 
was useful, although not specific, in shock, but that it was of no 
value in prostration from infections, in uremia, in cachexia, in pros- 
tration from exophthalmic goiter, in acute acidosis. In the labora- 
tory we found it was of no value in hydrochloric acid poisoning, in 
too long deferred resuscitation, in anaphylactic shock, in collapse 
from iodoform-poisoning, or in the presence of amino-acids; it 



THEORY OF SHOCK AND SHOCKLESS OPERATION 21 

did not benefit animals whose adrenals or whose livers had been 
excised ; it was of no value in strychnin-poisoning or in prostration 
from excessive adrenalin injection, or excessive thyroid adminis- 
tration. In fact, we were able to kill animals by traumatic shock 
while their blood-pressure was maintained at about 100 mm. mercury. 
From these disappointing findings we drew two conclusions: (1) 
That until a more assured means of treatment was established 
the prevention of shock offered a more fruitful field for investiga- 
tion; (2) that our search for the cause of shock and exhaustion 
must be carried much further. 

We had previously observed in our experiments that the use 
of local or spinal anesthesia prevented shock from trauma of the 
blocked area. In 1900 Lower made use of spinal anesthesia in an 
amputation of the thigh for the purpose of preventing shock in an 
elderly man with a crushed leg. This is the first operation, as far 
as we know, in which spinal anesthesia was used for the purpose 
of preventing shock by blocking aft'erent impulses. Our expecta- 
tions were fully realized. There was no change in the pulse-rate 
and the patient recovered. 

These clinical observations and our laboratory researches sug- 
gested that in shock the brain cells may show morphologic changes 
analogous to the changes seen by Hodge in the ncr\'e-cells of bees 
and birds. To this end Dr. I). H. Dolley, who was then associated 
wuth us in the laboratory, was asked to make a histologic study of 
the brains of dogs subjected to traumatic shock and of rabbits 
subjected to emotional shock. ¥ot nine years, with painstaking 
care, these nerve-cell investigations have been continued by Dr. 
J. B. Austin. As will be seen in the following chapters it has 
been found that the brain-cell changes give an excellent index to 
the degree of shock, not only of shock or exhaustion from trauma 
and from emotion, but of drug shock, toxic shock, anaphylactic 
and foreign protein shock — in fact, of all the forms of shock or 
exhaustion we have studied. 
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Belie\'iiig that the changes in the brain cells were work changes, 
we then studied other organs whose functions seemed to indicate 
that they were closely related to the brain in its activities. And, 
finally, we threw out a net of inquiry so as to include every tissue 
and organ of the body, and found that in exhaustion from insom- 
nia, from muscular exertion, from emotional excitation, from 
physical injury, from anaphylaxis, from electric stimulation, from 
the electric discharge of electric fish, from asphyxia, from starva- 
tion, from adrenalectomy, from the intravenous injection of acids, 
from prolonged inhalation anesthesia, from the intravenous in- 
jection of excessive amounts of adrenalin, from infection — in short* 
in exhaustion from any cause whatsoever — histologic changes 
in the brain, the liver, and the adrenals appear within from two 
to eight hours. 

From the fact that the cellular changes are apparently identical, 
whether produced by the injection of acids, by interference with 
oxidation or by excessive oxidation, and from evidence to be shown 
later, it would seem that a state of intracellular acidosis exists in 
exhaustion. We found that acidosis was produced by many 
causes, and — a most striking and illuminating fact — that inhala- 
tion anesthetics cause acute acidosis. This suggested studies of 
acidosis in its relation to shock and exhaustion, which were under- 
taken in collaboration with Dr. M. L. Menten, and later a research 
on the reserve alkalinity, which was investigated in our laboratory 
by the method of Van Slyke by Drs. W. H. Crozier, \y. B. Rogers, 
and B. I. Harrison. When we found that acute acidosis was 
present in all cases of shock, and that the alkali reserves were 
reduced, we hoped that the work of Howell and of Seelig had in- 
dicated the long-sought specific — viz., the administration of sodium 
bicarbonate. But once again we were disappointed, as alkalini- 
zation resulted in only a temporary improvement, although as it 
seems to have some therapeutic value, we use in the clinic a 5 per 
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cent, solution of sodium bicarbonate with 5 per cent, glucose as a 
routine rectal tap in cases in which exhaustion is present or 
threatened. 

In the progress of these researches Drs. A. B. Eisen])rey, F. W. 
Hitchings, and C. H. Lenhart had found that in shock the blood 
was concentrated, but this finding was of no therapeutic value, 
since the transfusion of an abundance of unconcentrated blood 
does not cure. 

Having noted that fundamental restoration occurred during 
rest, warmth, and sleep, we then turned our attention to a study of 
sleep. We had previously found that a sufficient loss of sleep 
causes intracellular lesions identical with those found in shock. 
We now found that these intracellular lesions are magically re- 
paired during sleep. When we find the physico-chemical process 
by which sleep is produced, then, provided this process can be re- 
produced at will, we shall have the ideal treatment of shock and 
exhaustion. 

From the beginning of our investigations to the present time 
the observations of the clinic and the findings of the laboratory 
have paralleled and controlled each other. ()f the greatest possi- 
ble value has been our continuing experience with exophthalmic 
goiter, since in this disease normal and pathologic physiologic 
phenomena are magnified. 

We have found that tlie clinical phenomena of shock and ex- 
haustion, whatever the exciting cause, are fundamentally the 
same, and our researches have indicated that the histologic changes 
in shock and exhaustion from any cause are identical. 

It has long been evident that the word shock is a loose and un- 
scientific term. We realize that it could well be dispensed with and 
the word exhaustion substituted. There is no clearly defined differ- 
ence between exhaustion from this or from that cause. Whether 
an intracellular acidosis is established in the brain cells as the result 
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of an excessive functional activity which forms acid by-products 
faster than they can be eliminated, as is the case in excessive 
exertion, excessive physical injury, excessive emotion, excessive 
infection, excessive electric stimulation, excessive adrenalin stimu- 
lation; whether the intracellular acidosis is caused by lack of oxy- 
gen, as in asphjTcia, in gas-poisoning, in imperfect circulation, in 
excessive hemorrhage; whether the intracellular acidosis is caused 
by the intravenous injection of acids; or whether the acidosis is 
due to a disturbance of the physiologic equilibrium of the cell by 
adrenalectomy, or excision of the liver, the ultimate result is the 
same, and the fundamental factors which accomplish restoration 
are the same. 

We have come to look upon shock as an interference with the 
most fundamental mechanism of life — an interference with the 
mechanism for the transformation of energy. We have seen that 
extremely diverse factors are synergistic in the production of 
shock; that in general the causes of shock may be roughly divided 
into two groups, one comprising those in which an excessive energy 
transformation leads to intracellular acidosis, the other includ- 
ing those which cause intracellular acidosis and interference with 
internal respiration without an excessive transformation of energy. 
We have, therefore, designated our interpretation of shock the 
Kinetic Theory of Shock. 

The kinetic theory of shock is no stronger and no weaker than 
the effectiveness of the means of prevention and treatment which 
are based on its postulates. The great w^ar has given the authors 
the opportunity of testing the theor^'^ and the practice of anoci- 
association for themselves on a vast scale, and of seeing it tested 
by others, and it is because of the clean-cut confirmation of 
the theory in the crucible of this vast clinic that we set forth in 
another edition the principles upon which the theory is founded 
and their practical application. 



CHAPTER I 

THE KINETIC THEORY OF SURGICAL SHOCK 

When a barefoot boy steps on a sharp stone there is an im- 
mediate discharge of nervous energy in his effort to escape from 
iniurv. This is not a voluntary act. It is not due to his own 
personal experience (his ontogeny), but is the result of the expe- 
rience of his progenitors during the vast periods of time required 
for the evolution of his species (his phylogeny). The wounding 
stone made an impression upon the nerve receptors in the foot 
similar to the innumerable injuries, as a result of which this nerve 
mechanism itself was evolved during the boy's \'ast phylogenetic 
or ancestral experience. The stone supplied the phylogenetic 
association and the required discharge of nervous energy auto- 
maticallv followed. 

In like manner all actions are performed. Every adequate 
stimulus awakens an ontogenetic or phylogenetic memory or 
association y and the nerve mechanism evolved bv countless similar 
experiences in the life of the hidividual or of his race makes the 
adequate response. These associations, like that awakened by the 
sharp stone in our illustration, may be injurious to the individual 
— noci-associaiions ; or thev mav be of benefit to the individual 
— hene-assimations. The sight of appetizing food is a hcne-asso- 
ciation: it awakens both the phylogenetic and the ontogenetic 
memory of similar experiences. The nerve centers are stimulated 
as if the food were actually being eaten, and the *'mouth waters." 

All of life, therefore, is made up of bene- and nod-associations, 
and the constant effort of the individual and of the race is to in- 
crease the former and decrease the latter, to develop an environ- 
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ment which shall, as far as possible, be free from nod-associations 
' — to reach a state of anoci-association. 

The environmental influences that threaten annihilation, such 
as the assaults of beasts or of man against man; the impacts of 
sharp, rough, and moving objects; the irritations of dust and 
debris, are among the coarser, nocuous elements, to meet which 
there have been evolved in man adaptive mechanisms which are 
excited to activity by the noci-ceptorsy which are richly implanted 
in the skin and in other parts and organs. The nocuous effects of 
cold, rain, and storm are met by other adaptations — shelter, 
clothing, and fire; while against those unseen nocuous elements 
which cannot be perceived by the senses — pathogenic bacteria — 
the body has evolved chemical defenses — antibodies, immunity, 
febrile reaction, phagocytosis. 

Thus man is constantlv beset bv noci-associations and as con- 
stantly is striving to reach a state of anoci-association. An um- 
brella in a rain-storm; a glowing fireside in a blizzard; bolts and 
bars against attack; antitoxin in infection — all are attempts to 
produce anoci conditions. In the beginning of human history, 
however, man in common with most animals had two principal 
methods of self-defense against the dangers which surrounded 
him — ^he fought or he ran away. 

There is strong evidence that the animals most capable of 
being shocked are those w^hose self-preservation originally de- 
pended upon some form of motor activity. In man and other 
animals this motor activity expresses itself in running and fighting; 
hence the motor mechanism comprises the muscles and the organs 
that contribute to their activity. 

Motor activity, then, is excited by the adequate stimulation 
of the nerve ceptors, both of the contact ceptors in the skin and 
of the distance ceptors or special senses. We assume that exces- 
sive stimulation of the distance ceptors (special senses) is as potent 
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as excessive stimulation of the contact ceptors in producing 
shock. As has already been indicated, we assume also that the 
environment of the past (phylogeny), through the experiences of 
adaptation to environment, predetermines the environmental 
reactions of the present. It is, therefore, the motor mechanism 
in particular which through its phylogenetic association with 
injury to the individual is responsible for the discharges of energy 
which are occasioned by the presence or even the thought of 
danger. These stimuli, when intense enough or protracted enough, 
produce the extreme conditions called "exhaustion" and *'shock/' 
In other words, this type of shock is caused by excessive stiinidation 
of the niechcmism of energy Iransformation. 

Stimuli of sufficient number or intensity inevitable' cause ex- 
haustion and may cause death. If the functional activity of the 
brain cells, resulting from responses to stimuli, takes the form of 
obvious work performed, such as running, the })henomena ex- 
pressing the depletion of the vital force are termed physical 
exhaustion. If the stimuli are so intense that the brain cells be- 
come so damaged as to be unable to perform their work, the con- 
dition is commonly designated shock. 

While the precise nature of the change in the brain cells is 
not known, P^isenbrev and DeEds in mv laboratorv in France 
showed that in exhaustion the function of the brain cells was im- 
paired before the blood-pressure fell; and in our electro-chemical 
researches here, in collaboration with Miss Hosmer, we found a 
decreased conductivity of the brain in exhaustion from any cause. 

Surgical shock, therefore, may be produced by divers causes, 
such as fear and worry, physical injury, infection. Moreover, 
since in shock the internal respiration is depressed, a predisposi- 
tion to shock may be produced or the shock may be augmented 
by other causes of interference with internal respiration, such as 
hemorrhage, asphyxia, anemia, starvation, loss of sleep, etc. 
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We shall present evidence that these conditions cause physical 
alterations in the cells of the brain, the liver, and the adrenals; 
that these physical changes are identical, whatever their cause; 
and that those cells of the brain which reach a certain degree of 
alteration cannot be restored, and their deterioration goes on to 
destruction. The histologic changes in the brain, the liver, and 
the adrenals may be caused by emotion alone, by physical injury 
alone, by hemorrhage alone, by starvation alone, by insomnia 
alone, by adrenalectomy, by excessive adrenal injection, by ex- 
cessive th^Toid feeding, by the injection of acids, etc.; or these 
changes may be initiated by emotion, carried a step further by 
muscular exertion, another step by physical injury-, another by 
hemorrhage, and so on until many brain cells are destroyed; or 
all these factors acting simultaneously may produce the same 
disastrous result. There is no microscopic evidence of specificity 
in the effects of these various factors; that is, no one could look 
at an altered brain cell, an altered liver cell, or an altered adrenal 
cell under the microscope and be able to state the cause of its 
structural change. These changes in shock and in exhaustion from 
any cause whatsoever seem to he identical. 

Among the multitude of causes of exhaustion, with their iden- 
tical clinical and pathologic phenomena, we shall in this mono- 
graph deal mainly with those causes that play a rdle in the out- 
come of surgical operations and injuries. We shall consider first 
the pathology of traumatic shock, of emotional shock, of toxin and 
foreign protein shock, and then the practical application of the 
kinetic theory of shock in the development of the shockless opera- 
tion through a7ioci-associaiion — or anociation} 

^ Hereafter the shorter but equally significant term anociation will be 
used in preference to the original anod-association. 



CHAPTER II 

THE CAUSE AND PATHOLOGY OF SURGICAL SHOCK 

In general we may divide the chief causes of surgical shock 
into two groups, arbitrarily designated as predisposing causes and 
exciting causes. 

An individual may be predisposed to surgical shock by diverse 
causes, such, for example, as infancy and old age; chronic debilitat- 
ing diseases, such as pernicious anemia, myocarditis, broken cardiac 
compensation, advanced malignant disease, diabetes, tuberculosis, 
cardiorenal and cardiovascular disease; exophthalmic goiter and 
mvTcedema; partial starvation from obstruction of the alimentary 
tract, i. e.y of the esophagus, pylorus, or colon; cirrhosis or tumor 
of the liver; obstruction of the common bile-ducts; interference 
with pulmonary ventilation, i. ^., partial obstruction of the larynx 
or trachea, emphysema, tumors of the lung, the pleura, or the 
mediasthmm; pregnancy, eclampsia, chronic hemorrhage, such 
as pathologic hemorrhage from the kidney or rectum or uterus; 
all the acute or chronic infections; excessive exertion, loss of sleep 
and cold; and ether and chloroform anesthesia. 

Clinical experience and experimental research show that when, 
the organism is partially reduced by any of these predisposing 
causes the emotional and traumatic factors of a surgical opera- 
tion will be brought to play against a correspondingly reduced 
margin of safety, and the state of exhaustion or shock is the more 
readily reached. 

Perhaps the real distinction between the predisposing causes 

of shock included in the foregoing list and the exciting causes is 

the fact that the predisposing causes exert their unfavorable action 

on the patient before the beginning of the surgical operation. 

29 
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Under our conception a surgical operation includes not only 
the instruments and manipulations of the surgeon but also the 
intellect and the viewpoint of the surgeon. From this standpoint 
the one great exciting cause of surgical shock is the surgeon — 
every contact of his instrument with an unanesthetized nerve- 
ending, nerve-filament, or nerve-fiber; every drop of blood which 
he sheds; every moment he requires the continuation of inhalation 
anesthesia; every moment he exposes sensitive tissue to the air; 
every interference with adequate ventilation of the lung; every 
thrill of fear he introduces into his patient — each of these is an ex- 
citing cause of shock, and the combined result of all may be death. 

Any one of the exciting causes of shock mentioned above may 
in itself cause death; certain of the basic phenomena of death 
from one exciting cause are identical with the basic phenomena of 
death due to any combination of exciting causes; certain of the 
basic phenomena of death due to one or more exciting causes are 
identical with the phenomena of death from one or more predis- 
posing causes; and, finally, certain basic phenomena of death from 
a combination of predisposing and exciting causes are identical 
with the corresponding phenomena of death from one or more 
exciting causes alone, or from one or more predisposing causes 
alone. In other words, in the mechanism of death from shock there 
is no factor lohich distinguishes that death from death from many 
other causes, 

A study of shock is merely a study of one group of conspicuous 
deatk-dealing causes; and it is also a study of every-day life processes 
w^hen they are driven rapidly to a breakdown. 

The predisposing and exciting causes of shock, then, are merely 
intensifications and combinations of every-day causes of fatigue 
and death; but it so happens that so abnormal a biologic state as 
the mechanical injury incident to a surgical operation has a pecu- 
liar facility for achieving fatigue or death. 
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Fia. 1. — Histologic Chanoes Produced is the Brain by Physical Ex- 
ertion, iNFEtrrioN, AND Skatol (Auto-intoxication). (From photo- 
micrographa X 310.) 
A, Section of normal cerebellum of a rat. B, Section of cerebeUum of a cat 
tvhich had been subjected to extreme and prolonged physical exertioD. C, 
Section of cerebellum of a cat after streptococcal infection. D, Section of 
cerebellum of a est which had received repeated injections of skatol. 




Fia. 2. — H18TOLOQIC Changes Produced is the Liveh by Physical Ex- 
ertion, lNFE<7rioN, AND Skatol (Adto-iwtoxication). (From photo- 
micrographs X 1640.) 
A, Section of normal liver of a cat. B, Seotion of liver of a cat which had 
been subjected to extreme and prolonged physical exertion. C, Section of 
liver of a cat after streptococcal infection. D, Section of liver of a cat which 
had received repeated injections of skatol. 
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Fia. 3. — Histologic Changes Phoditeh i\ the Adrenalh hv Phymicai. 

Exertion, Infectios, and Skatol (ArTO-i\ToxirATioN). iFrom 

phoUiniirrographs X 1&40.) 
A, Section of norrnnl adrenal of a cat. B, Section of adrenal of a cat whieli 
had been subject*^ Ut extreme and prolonged physical exertion. C, Seetion 
of adrenal of a rat after streptococcal infection. D, Section of adrenal of a 
cat which had received repeated injections of akatol. 
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Fio. 3. — Histologic Chanues Phodickd ix thb Adbevalh by Physical 
Exertion, Infection, and Skatoi. (A cto-intoki cation). (From 
photumirrographs X 1640.) 
A, Section of Qormnl adrenal of a fat. B, Sn'tion ol udrenat of u cat which 

had been subjected to extreme and prolonged physical exertion. C, Section 

of adrenal of a cat after streptococcal infection. D, Section of adrenal of a 

cat which had received repeated injections of skatol. 




Fio. 4. — The Pbotecttve Effect of Sleep, (From photomicrographs X 
310.) 
A, Nonnal cerebellum of a rabbit. B, Cerebellum of rabbit after injec- 
tion of sodium acid phosphBt«. C, Cerebellum of rabbit after injeetion of 
sodium acid phoepbate plus a period of msomma D, Cerebellum of rabbit 
showing the protective effect of normal sleep after injection of sodium acid 
phosphate. 

37 




Fi(i. ."). — Thk Protective Ki'feit or Sleki'. {Fnim phot<miicronra;)lis 
X 1640.) 
A, Noniiiil liver nf a ralibif. B. Livrr of rabbit after iiijcetitiii of siiiliiun 
a<:i<l plidsplmte, C. Livi'r of r:ibbit aftrr injci'tiim of smliuin arid ]ih<iK|>hate 
plus a [icriod of insotiinia. D, Liver of rabbil shinving Ihc [intrftivc I'ffwt 
of normal fll»^p after injection of sodi<irn arid phosphate. 
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Fig. 6. — The Protective Effect or Sleep. {From photoniicn^aphs 
X 1640.) 
A, Normal adrenal of a rabbit. B, Adrenal of rabbit after inji^tion of 
sodium acid phosphate. C, Adrenal of rabbit after injection of Bcwjlum acid 
phosphate plus a period of insomnia. D, Adrenal of rabbit showing pro- 
tective effect of normal sleep after injection of sodium acid phosphate. 
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from photomicrographs X 120; C and D from pliDto(rii(!rogr;i|ihs X 
1640.) 
A anti C, Section from norma! cerebellum of a rabbit, B and D, Section 
from cercbelhini of a rabbit after inaoninin for one hiindrMl and nine hours. 
Note the almnsl roraplete diBintegr-ition of the Piirltinjp cells in B and D. 
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Fig. 8.— Effllt ui- Insouma u.\ th>: Ljveu uf- a Rahdit. (A and B from 
pbotomicrographii X 100; C and D from photoniicrogrsphH X 1S40,) 
A and C, Section from normal liver of mbbit. B and D, Section from iirer 

of a rabbit after insomnia for one hundred and nine hours. Note the general 

loss of cytoplasm, the disappeariince of nuclei, thevacuolatlon. and Ihc swollen 

oells in B and D. 
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THE AUHKNAL OF A RaDBIT, 'A lirul H 

from photoiiiicrogniiihs X 100; C imd D from pholomiorograiihs X 

1610.) 

A and C, Section from normal adrenal of rabbit. B and D, Section from 

adrenal of rabbit after insomnia for one hundred and nine hours. Note the 

genera! loaa of cj-toplaam, the lUsapiwarance of nuclei, and the distortion of 

the cell outlines in B and D. 
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The photomicrographs of slides included in the cytologic 
studies of one of our collaborators, Dr. J. B. Austin, show the 
identical lesions in exhaustion from various causes as revealed 
by the microscope (Figs. 1-3). 

We have seen that exhaustion (shock) and death, with its intra- 
cellular changes, have many causes. How many causes of restora- 
tion are there? Our later researches have shown that whatever 
the cause of the intracellular changes in exhaustion, the real repair 
of these changes takes place mainly, perhaps only, during rest 
and sleep. In other words, the phenomena of sleej) and the 
phenomena of repair are due to the same physico-chemical cause. 
There is, therefore, but one real source of restoration, rest and 
sleej:) — deep untroubled sleep. The photomicrographs show in a 
striking manner nature's restorative power by means of a process 
not yet more than glimpsed (Figs. 4-G). 

What is the nature of the changes seen in the brain, in the 
liver, and in the adrenals? Can a man or an animal have normal 
muscular power and normal mental power when his brain cells are 
thus altered? We believe that the following negative statement 
is relatively correct; /. c, that no animal — no man — can develop 
normal muscular or normal mental energy when the brain cells 
have undergone such intracellular changes as are shown in these 
photomicrographs. This statement is based on the vast labors of 
Dr. Austin in his histologic examination of more than 3000 animals 
and men. In not a single case of deep fatigue, exhaustion, or 
grave shock, in which life contiiuied from three to eight hours, 
did Austin fail to find a histologic picture which varied in degree 
only from that shown in the photomicrographs (Figs. 7-9); on 
the other hand, in not a single normal animal did he find such a 
microscopic picture as that seen in exhaustion. 

We are forced to conclude that the intracellular changes express 

a physico-chemical disturbance which constitutes a definite pathol- 
4 
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ogy of shock, the ultimate explanation of which must be deferred 
until the normal process of life is further explained. 

Having established a pathology of shock, we then had in our 
possession one more criterion for a fairly accurate judgment of 
(a) the relative effect of this or of that cause of shock; (6) the 
relative value of this or of that method of treatment. 

Combining these pathologic studies by Dr. Austin with phys- 
iologic studies by Drs. Sloan and Hitchings; with studies of the 
H-ion concentration of the blood and of the reserve alkalinity by 
Drs. Menten, Crozier, Rogers, and Harrison; with a study of 
those causes of shock associated with increased output of adrenalin 
by Drs. Hitchings and Mosiman; with studies of the glycogen con- 
tent of the liver and muscles and of the iodin content of the 
thyroid by Messrs. Biggs, Hamilton and Rome of the Parke- 
Davis Laboratories, with measurements of the electric conduc- 
tivity of the brain, liver, and other tissues by Dr. J. B. Obear and 
Miss Helen R. Hosmer, and finally with our own clinical experience, 
we found that the kinetic theory was in harmony with the facts. 

TRAUMATIC SHOCK 

When physical injury alone was inflicted on normal dogs under 
inhalation anesthesia a certain number of the brain cells showed 
first a stage of hyperactivity characterized by hyperchromatism; 
and later a stage of exhaustion characterized (a) by chromatolysis; 
(6) by alteration of nucleus plasma relation; (c) by rupture of the 
nuclear and the cell membranes; and finally (d) by disintegration 
(Fig. 10). These changes were most marked in the cortex and the 
cerebellum, but were present also in the medulla and the cord. 

The brain cells showed no change when the trauma was limited 
to territories disconnected from the brain by severing the spinal 
cord or by local anesthetization (Figs. 11, 12). When the circula- 
tions of trv'o dogs were crossed and but one dog was traumatized. 
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brain-cell changes were found only in the dog traumatized. Dogs 
overtransfu scd — to eliminate the factor of anemia— and trauma- 
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tized showed brain-cell changes. When the vitality had been pre- 
viousl\' reduced by emotion, by physical exertion, by toxins, by 
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'ATIIfJUKiV OF SriUiK'AL SilfK'K 




FlC. l.i. — TllACINli Sni(HIN<i KfFECT OF SKATOL <)\ THK AdKKSAI, OlTPUT 

OK A Duii. (Cannon teat.) 
The first trii('inj( (Ai whs niiidp by tho contractions of intratinnl ttiusrie in 
blood frriiiL :i noritiiil dog. The second tracing (B) slious t)ic partial inhibition 
of tlic i-ciiilrai-tiiHLs prodnnil by the substitution of IiIcmmI iiftcr the injection 
of skiititl, eviiiencirijt the iircsence in the blootl of an incrensed ninoiint of 
adrenalin. 
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Flo. I/.^Tbacish Siionixe Effect at- Pregnancy on thk Adrenal Out- 
put Of A Cat. (Cannon test.) 
That the ndrenal glnnda arc activated duritif? pregnancy is demonstrated by 
this sharp inhibition nf the contractions of intestinal muscle when the blood 
of a pregnant rat is sniistituted for normal blood. 
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Fio. IS. — Tracinc SHOwi\(i Effect of Diphthehi* Toxin on Adrenal 
Ol-TPVT OF A Cat, (Cmiion iwl.) 
The first trai'injt (A) wns niaile by tlio con trnct ions of iiilcstinal muscle 
beating in blood from a normal cat. Those coti tractions were inliihileil almost 
entirely by the substitution of blood from the s;nne eat aftiT the injection of 
diphtheria toxin (B). After twenty minutes the increased adrenalin n'idenced 
by B was oxidized and the intestinal inuacle resuaicd its con tnu^t ions as in 
Doriiia) bl'xid (C). 
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TOXIC, FOREIGN PROTEIN, AND ANAPHYLACTIC SHOCK 

To determine the histologic changes produced by toxic, foreign 
protein, and anaphylactic shock the brains of many human beings 
who had died of infections and of eclampsia have been examined; 
and laboratory studies have been made of the brains, livers, and 
adrenals of many animals into which had been injected toxins of 
streptococci, staphylococci, colon bacilli, gonococci, and tetanus 
bacilli; of animals to which had been given intravenously placental 
extract, peptones, leucin, skatol, extract of feces, alien blood-serum; 
and of animals in anaphylactic shock. Without exception the 
cells of the brain, the liver, and the adrenals showed precisely the 
same changes as were seen under traumatic injury and under 
emotional injury, first a stage of hyperchroinatism, followed by a 
stage of chromatolysi^y and — in a small percentage — a final stage of 
disintegration. Of special interest is the fact that these various 
toxins and foreign proteins as well as anaphylaxis and placental 
extract produced a large increase in adrenalin output (Figs. 15-18). 
These agents, however, caused no increased output of adrenalin 
under the following conditions: if the nerve-supply of the adrenals 
had first been divided or if the blood-vessels supplying the ad- 
renals had first been clamped. 

DRUGS— ANESTHETICS, NARCOTICS, AND STIMULANTS 

Many histologic examinations of the brain cells and observa- 
tions of the adrenalin output by Cannon's method w ere made after 
the administration of ether, urethane, nitrous oxid, and morphin. 
None of these caused either brain-cell changes or increased the 
output of adrenalin except in the case of ether during the stage of 
excitement. 

Here again it is of especial significance to note that under 
heavy morphin dosage there w^as no notable change in the cells 
of the brain, the liver, and the adrenals, and no increased output 
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of adrenalin as a result of anaphylaxis, or of the intravenous injec- 
tion of toxins or of foreign proteins (Fig. 19). It was found also 
that the normal output of adrenalin was diminished by morphin. 
Strychnin, on the other hand, caused cell changes of precisely the 
same type as did the emotions, the toxins, and foreign proteins, 
viz., at first hyperchromatism and later chromatolysis; and there 
was also increased output of adrenalin. Previous division of the 
adrenal nerve-supply prevented the increased output of adrenalin, 
whatever the form of excitation. 

These experimental results may be summarized as follows: All 
the above-mentioned agents that caused the activation of the 
kinetic system, whether emotional excitant, toxin, foreign protein, 
or drug, produced identical changes in the cells of the brain, the 
liver, and the adrenals, and also increased the output of adrenalin. 
On the other hand, the anesthetics, if given for a short period only, 
and the narcotics caused neither notable brain-cell changes nor 
increased the output of adrenalin, while strj'chnin did both. 

ANEMIA 

The loss of blood from any cause, if it be suflScient to cause a 
low blood-pressure and if it be continued long enough, will cause 
deteriorating changes in the brain cells. In our researches on 
anemia and resuscitation DoUey and we found that animals which 
had been dead for more than six or seven minutes could not be 
resuscitated. The recent work of Cannon offers a probable ex- 
planation of the characteristic brain-cell changes in anemia, viz., 
the rapid formation of lactic acid in the muscles. Loeb has 
pointed out the fact that intracellular acidosis develops in the 
absence of oxidation. If the hemorrhage be continued long enough 
and the blood-pressure be low enough, some brain cells will be 
permanently lost; hence in cases of critical hemorrhage certain — 
perhaps only a few — brain cells are permanently lost. 
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Fio. 111. — Tracing IbLUSTRATiNO Pbotectivb Ekfkit ok Mohphin in Ana- 
I'HYLAcTic Shock. 
In A the adrenalin which appears in the blood as a result o( anapkylaxia in- 
hibits the contriictiuiis of the intestinal muscle. Tracing li shows that the 
injection into a morpidnized animal of beef-scrum, which in the normal 
animal would have caused a strong anaphylactic reaction and a greatly in- 
creased output of adrenalin, causes no increased output of adrenalin as is evi- 
denced by the contractions of the intestinal muscle as in normal blood. Since 
morphin acts directly upon the brain, this experiment evidences not only the 
protective effect of morphin but also the dependence of the adrenal upon the 
brain for its activity. 
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It might be supposed that the brain-cell changes found in cases 
of surgical shock are entirely due to low blood-pressure. That a 
low blood-pressure is an important factor is unquestionable in the 
light of our brain-cell studies, but that it is not the only factor 
is proved by the following experiment: 

The blood-vessels of two animals were anastomosed. One of 
the animals was then traumatized, and as its blood-pressure began 
to fall, fresh blood was added, so that during the entire stance of 
trauma the blood-pressure was maintained at or near the normal 
level. Specimens of the brain were removed from the animals 
before death and brain-cell changes were found, but it required 
much more trauma to produce brain-cell changes in animah whose 
blood-pressure was kept at the normal level than in animals whose 
blood-pressure was allowed to follow its doumward course unchecked. 
We were able to kill animals by shock in spite of an adequate 
blood-pressure. Therefore anemia is only one factor in the 
production of shock. 

THE CONCENTRATION OF BLOOD IN SHOCK 

The concentration of the blood in shock was investigated in 
our laboratory by Drs. Hitchings, Lenhart, and Eisenbrey,^ 
who found that the hemoglobin and the red cell count were 
increased in the acute stage of shock. 

In one experiment on shock the red cell count rose from 
5,920,0(X) to 7,200,000, an increase in the concentration of 22 
per cent. The increased concentration of the blood is one of the 
phenomena of shock. The white cell count is not much changed. 
In hemorrhage the red cell count falls and the white cell count 
rises. 

* G. W. Crile: Hemorrhage and Transfusion (1909), p. 75. 
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WHAT PART OF THE INTRACELLULAR ACIDOSIS [IS DUE TO EX- 
CESSIVE WORK OF THE BRAIN CELLS? WHAT PART IS DUE 
TO THE BY-PRODUCTS OF HETABOLISH CARRIED TO THE 
BRAm CELLS BY THE BLOOD ? 

If the kinetic theory of shock be correct, then, if. the circulatioia 
of two dogs be so anastomosed that their blood-streams inter- 
mingle freely, and if only one animal be traumatized, the func- 
tional impairment and the brain-cell changes will be seen prin- 
cipally in the animal which receives the injurj-. On the other 



Fig. 20. — SrMBiOTic 




hand, if shock be due to the altered composition of the blood where^ 
by the brain cells are affected secondarily, then both Ao^ will 
suffer equally and the brain cells of both will show like signs of 
deterioration. To test this crucial point the following experiment 
was performed; 

The proximal end of one carotid artery of Dog A was anasto- 
mosed with the distal end of the corresponding carotid artery of 
Dog B (Fig. 20), and one jugular vein of Dog A was then anaa- 
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tomosed with the corresponding vein of Dog B, so that the blood- 
streams of both animals intermingled with entire freedom and in 
large volume. The dogs were approximately of equal weight and 
like physical condition. For two hours Dog A was traumatized. 
The animals were killed simultaneously, and their brain cells were 
studied by parallel technic. The examination showed brain-cell 
changes — typical exhaustion changes — most marked in Dog A, the 
dog whose body had been traumatized, and no brain-cell changes 
in Dog B (Fig. 21) whose body had not been traumatized, but 
through whose brain the blood of the traumatized dog flowed 
freely during the two hours. This result supports the kinetic 
theory, and opposes any theory which implies that gaseous changes 

in the blood or the presence of toxic products from traumatized 
muscles are the only cause of the brain-cell changes, though 
gaseous changes and toxic products may be undoubtedly important 
factors. 

ACIDOSIS AND SHOCK 

Acute blood acidosis and diminished reserve alkalinitv are seen 
in shock. Were the cause of exhaustion limited to changes in the 
blood, then alkalinization of the blood would be expected to cure; 
but alkalinization of the blood, though it may improve the con- 
dition, does not cure exhaustion either in the clinic or in the labor- 
atorv. 

(a) Positive Laboratory Findings. — In our laboratory in ex- 
periments conducted in 1912, 1913, and 1914, in collaboration 
with Dr. M. L. Menten, in which the gas chain method with 
Michaelis' apparatus was used, we found that the H-ion concen- 
tration (or acidosis) of the blood was increased : 

1. During inhalation anesthesia. 

2. During intense fear in rabbits. 

3. During intense rage in cats. 

4. During intense exertion in various animals. 
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5. In surgical shock. 

6. In alcoholic intoxication. 

7. In hemorrhage. 

8. In asphyxia. 

9. Several hours after excision of the liver. 

10. Near the death-point after excision of the adrenals. 

11. Near the point of dissolution, whatever the cause of death. 
Of special interest was the fact that we found increased H-ion 

concentration in overwhelming excessive energy-transfoTming activ- 
ities. Apparently the corrective mechanism could not dispose 
of the increased acid by-products as fast as they were produced. 
We found increased H-ion concentration as a result of interference 
with the corrective mechanism, as well as in cases in which the 
corrective mechanism was overwhelmed. 

(6) Negative Laboratory Findings. — We found, further, that the 
H-ion concentration was not increased in : 

1. Narcosis — by opium and its derivatives. 

2. During sleep. 

3. During protracted consciousness unbroken by sleep until 
near the death-point. 

4. After decapitation in animals in which artificial respira- 
tion was maintained. 

5. In many instances of serious, even fatal diseases, such as in- 
fections, exophthalmic goiter, cardiovascular disease, typhoid fever. 

Morphin in Relation to Increased H-ion Concentration. — We 
found that if morphin in large doses was given during increased 
H-ion concentration of the blood (acute acidosis), such as is present 
in intense rage, intense muscular exertion, or under inhalation anes- 
thesia, the correction of the state of acidosis was interfered with, 
even prevented. For example, a vigorous male cat in which in- 
duced rage and struggle brought on a markedly increased H-ion 
concentration of the blood was given heavy doses of morphin; the 



THE CAUSE AND PATHOLOGY OF SURGICAL SHOCK 79 

animal remained in acute acidosis for three and a half hours and 
died in acidosis. In other experiments equally large doses of 
morphin interfered with the overcoming of the acidosis of inhala- 
tion anesthesia. The ill effects of morphin in certain types of 
cyanosed patients are well known to clinicians. The soldier who is 
exhausted and cyanosed should, therefore y not have morphin. After 
cyanosis disappears morphin is most useful. 

Disappointed in the value of observations on the H-ion con- 
centration of the blood, we tested the value of observations on 
reserv^e alkalinity. 

Reserve Alkalinity and Acid Excretion in the Urine. — When 
the Van Slyke method for determining the reserve alkalinity of 
the blood was published it seemed that this, at last, would give a 
true indication of the reserve vitality of the patient. Through the 
collaboration of Drs. W. J. Crozier and W. B. Rogers this method 
was investigated as to its availability in the clinic, to determine the 
surgical risk. Drs. Crozier and Rogers in 1915, and until April, 
1917, Drs. Rogers, Harrison, and ]\Iosiman made numerous 
observations on the reserve alkalinity of the blood (Van Slyke 
method), and in the laboratory and the clinic repeated the work 
of Professor Henderson on the acid excretion in the urine. Their 
findings may be summarized as follows: Laboratory animals in 
shock, under anesthesia, in infection, in aspln-xia, in strychnin- 
poisoning, in hemorrhage, in iodoforni-poisoning, in exertion, in 
emotion showed varying degrees of reduction in reserve alkalinity, 
and alterations in the acid excretion in the urine. The method 
played more true when an acute overwhelming drive with which the 
corrective mechanism could not keep pace teas made than in other 
instances. When time for compensation had elapsed the reserve 
alkalinity afforded less accurate information. 

It was in the clinic that our best estimation of the value of 
reserve alkalinity and acid excretion determinations were ob- 
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tained. Here — in acute infections, in late cancers, in desperate 
cases of exophthalmic goiter, in good and in bad risks of all kinds 
— we found great and unexpected irregularity in the results. In 
cases of impending death, not in the stage of dissolution, but in- 
operable, and in cases of infection with grave prognosis that died 
later, the reserve alkalinity sometimes was found to be as high as 
in the observer, and the quantity of acid excretion of urine was 
not materially disturbed. 

Therefore, after five years of observations in the laboratory 
and in the clinic on the various phases of acidosis, we have reached 
the reluctant conclusion that these methods, despite their scien- 
tific interest, as yet offer meager clinical value. 

Intracellular Problems. — Since the acid-alkali balance of the 
cell is attained only during the normal supply of water and food, 
the rhythmic alteration of consciousness and sleep, and normal 
oxidation, it is obvious that the solution of the problem presented 
by intracellular acidosis is not as simple as the correction of the 
acidity of a fluid in a test-tube by adding alkalies; but there 
must be supplied to the cell not only the means of ridding itself of 
its excessive acids but also the means wherebv it can maintain a 
normally balanced oxidation. We must, therefore, get rid of the 
acid and establish the conditions required for continued oxidation 
within limits onsistent with the life of the cell. The success of 
the restorative measures which we shall describe lends support to 
these conceptions of the fundamental condition present in exhaus- 
tion, but does not explain its ultimate cause. A complete ex- 
planation of the ultimate cause must await the complete explana- 
tion of life. 

Comparison of Laboratory with Clinical Observations. — 
Laboratory Observations. — As a result of our laboratory and clinical 
studies we are at last forced to admit that no laboratory conclu- 
sion should be considered valid until it has been tested in the 
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crucible of the clinic. For example, our laboratory studies of the 
H-ion concentration of the blood, the carbon dioxid tension, the 
reserve alkalinity, the acid excretion in the urine, furnished no 
criterion always reliable as an indication of the patient's condition. 

Why should laboratory methods be less accurate than the 
clinical signs? Let us view this phase of the problem from a 
biologic standpoint. 

Alkalinity and Acidity in Relation to Animal Life. — The origin 
of life was probably in the sea. The sea is alkaline. Animal life 
is continued only in an alkaline medium. When the blood be- 
comes acid, life ends. As transformers of energy animals are con- 
stantly producing acid by-products. The acid by-products are 
increased in proportion to the rate of energy transformation, e. g., 
are increased in muscular exertion, emotion, fever, etc. There- 
fore the organism is in constant danger of killing itself. Many 
animals and men have killed themselves by the excessive produc- 
tion of acid by-products in great muscular struggles which over- 
came the factors of safety, or the corrective mechanism, namely, 
the lungs, the liver, and the buffer substances — the reserve alkalies 
immediately available. It would be expected that during the vast 
selective struggle of animals there would have developed wide 
factors of safety in these corrective mechanisms against the acute 
acidosis of muscular, emotional, and fever crises. Not only wide 
margins of safety for immediate protection but also reserves of 
bases and alkalies in the fluids and tissues of the body, that are not 
available for a quick emergency, but are more gradually drawn 
out in prolonged crises — prolonged struggles, prolonged de- 
fenses, prolonged want of food and water, prolonged exertion, 
prolonged fever, etc. 

Our experiments on the H-ion concentration of the blood sup- 
ported this biologic conception, because we were able to overcome 

the factor of safety only by an intensive drive — intense mus- 
6 
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cular struggle, intense emotion, etc., while after the termination 
of the intensive drive the normal H-ion concentration was quickly 
re-established, although the animal clinically was fatigued. 
Therefore the H-ion concentration of the blood showed only the 
extent to which the corrective mechanism had failed, and did not 
inform us to what extent the reserves had been called out or how 
w^ide was the remaining margin of safety. 

The Reserve Alkalinity of the Blood. — The estimation of the 
reserve alkalinity told us what the reserves were in the blood at 
the particular time the observation was made. It gave no in- 
timation as to the amount of reserves lying in store outside the 
blood — in the body fluids, in the cells, in the bones. This was 
left to conjecture. 

An attempt to secure information by these methods is com- 
parable to an attempt to estimate the wealth of a man by holding 
him up in the street and counting the ready money in his pockets 
(H-ion concentration), and from this count attempting to esti- 
mate his available cash reserve in the bank (reserve alkalinity) ; 
and in turn estimating his ultimate financial resources from the 
amount of his bank balance without taking into consideration 
the securities he might hold in his strong box (ultimate reserves). 
A man may be financially embarrassed if his immediate cash is 
expended; he is not bankrupt until his ultimate reserves are ex- 
hausted. 

The scientific methods so far devised tell us w^hat factors of 
safety are impaired in the blood at the moment the observations 
are made, but do not inform us of the extent of the reserves. Our 
present laboratory methods do not tell the whole truth as to the 
actual state of the patient. 

Clinical Observations. — What of the clinical phenomena? 
Here we have a method of greater accuracy for estimating the 
reserves. The respiratory center is governed by the H-ion con- 
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centratioii of the blood and has been evolved to respond with 
infinite accuracy to acidosis. It consists of nerve-cells and fibers, 
and these cells, like other cells of the body, are modified bv everv 
passing phase of chemical change in the blood. In the respiratory 
center we have a mechanism of surpassing delicacy and accuracy 
which not only reacts to intracellular acidosis but also has been 
evolved through eons to fulfil that purpose so correctly as to 
preserve life and health. Moreover, this delicate living mechanism 
is placed in the seat of life itself, while the man'inade lahoraiory 
mechanisms are not onlv dumsv, but are outsiders. 

This center responds to every phase of acidosis — the acidosis 
of asphyxia, of hemorrhage, of emotion, of exertion, of acid injec- 
tion, of anesthesia, of injury — the entire gamut. It not only re- 
sponds accurately, but its response is dramatically staged, so that 
not only the trained professional eye, but the bystander, even the 
patient himself, cannot escape its obtrusive evidence of increased 
activitv. 

The nerve-cells of the respiratory center, however, are not only 
nerve-cells that are modified by acidosis; the cells that fabricate 
muscular and mental action are modified also; their power to do work 
is diminished. If their activity were increased to the same extent 
as the activity of the nerve-cells in the respiratory center is in- 
creased, then the amount of muscular work done and the conse- 
quent amount of acid by-products would be increased, resulting 
in certain disaster; but the nerve-cells that drive the muscles and 
express the emotions are impaired. Hence we have increased 
respiratory action and diminished muscular action — o corrective 
antithesis, 

THE INFLUENCE OF THE INHALATION ANESTHETICS UPON 

SHOCK PRODUCTION 

In accordance with our theory that the morphologic changes 
in the brain cells are produced by the alterations in their internal 
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respiration which involve oxidation, one would expect to find that 
a given amount of trauma under an anesthetic like nitrous oxid, 
which interferes with the use of oxygen, would produce less change 
than an equal amount of trauma in an animal under ether; for 
ether, as compared with nitrous oxid, owes less of its anesthetic 
property to its interference with the use of oxygen by the brain 
cells. Testing this point experimentally, we found that under 
approximately equal trauma the changes in the brain cells were 
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Fia, 22. — Differential Pvrkinjz Cell Counts, Showinq Comparison 
OF THE Effects of Shuck Under Ether Anesthesia and Under 
Nitrous Oxid-oxioen Anesthesia. 



approximately three times as great under ether anesthesia as 
under nitrous oxid-oxj-gen anesthesia (Figs. 22-25); that the fall 
in the blood-pressure was on the average two and one-half times 
greater under ether than under nitrous oxid-oxygen; and finally, 
that the condition of the animal was worse after trauma under 
ether than after equal trauma under nitrous oxid-oxj'gen. In 
the course of surgical operations one observes constantly the pro- 
tective effect of nitrous oxid-oxygen anesthesia. This may be 
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regarded as in harmony with the kinetic theory of shock (Fig. 
26). 

Cannon has observed that the reserve alkalinity of the blood 
is better sustained during operations under nitrous oxid-oxygen 
than in operations under ether. 
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Fig. 26. — Chart Compiled from Laboratory Experiments Illustrating 
THE Protective Effect of Nitrous Oxid-oxygen Anesthesia in 
Cases of Shock, as Evidenced by the Maintenance of the Blood- 
pressure. 

Gregory Marshall, a physiologist and an expert anesthetist, 
after an extensive investigation of the effects of anesthetics in 
military surgery, concluded that in operations performed under 
ether anesthesia the blood-pressure was sufficiently maintained 
during the operation, but fell later; while in operations under 



92 



ANOCI-ASSOCIATION 



95.1 



ft 

a 
u 



I 

o 



Is 



§1 



ttZ 

< 



>5o 






H 

00 

< 



y 
I 

I 
I 
I 
I 
I 

f 



/ 
/ 
/ 

\ 
\ 
\ 

\ 



!! 4 ids 






•^oo0M«9 



•jMa«M **«i.A* 



^« 



•S ' 



^ 



2 1**/ ^ < 



J 



••■-•x«»i 



^^oTTVnaao 3?oCa 



Mr 






sa^-a«N 



1 i J < a J J 




1 



ot 



o 



O a 



o 



c 

OS *S 
as c. 
WO 



o 



00 

03 



H 

b 
W 

o 
6 



o 
o 

>» 



-9 o 



•J'S 

05 ^-' 

a- 

03 08 

! ^ 

•2 o 



a o. 
S ^ 






nitrous oxid-oxygen the blood-pressure was sustained not only 
during but also after the operation (Figs. 27, 28). 
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The mere excitation due to the feeHng of suflFocation while 
inhahng ether causes a certain amount of exhaustion from which 
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the patient taking nitrous oxid-oxygen is spared. Moreover, 
prolonged deep ether anesthesia alone causes prolonged exhaus- 
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tion with marked changes in the cells of the brain, the liver, 
and the adrenals. This exhaustion mav continue even for twentv- 
four hours after prolonged deep ether anesthesia. 

We may conclude, therefore, that while the brain-cell changes 
resulting from a surgical operation are not markedly due to the 
inhalation anesthetic per se, yet their extent is to a considerable 
degree determined by the anesthetic which is used. As these 
changes are less marked under nitrous oxid-oxygen than under 
ether, the former should be the inhalation anesthetic of choice. In 
any and all cases the patient should not be permitted to be cy- 
anotic — cvanosis indicates acidosis. 

HOW DOES TRAUMA UNDER ANESTHESIA CAUSE SHOCK? 

The clinical clue to the cause of shock in a surgical operation 
under inhalation anesthesia was given by the observation of the 
behavior of animals under deep and under light anesthesia during 
the infliction of physical uijury. Under surgical anesthesia rough 
handling of the tissues is usually accompanied by a marked in- 
crease in the respiratory rate and by alteration of the blood- 
pressure. 

Muscular response to trauma under inhalation anesthesia may 
be only purposeless moving, but w^hen the anesthesia is sufficiently 
light and the trauma is sufficiently severe, movements — unmis- 
takably purposive — are produced. To injury under inhalation 
anesthesia every grade of response may be seen, varying from 
the slightest change in respiration or in blood-pressure to a vigor- 
ous defensive struggle. As to the purpose of these subconscious 
movements there can be no doubt — they are efforts to escape from 
injury. The respiratory centers and the circulatory centers are 
doing their part by crying out — by trying to effect escape. So, 
too, we may suppose that all the rest of the brain cells are doing 
their part by stimulating the motor mechanism for defense or 
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escape, but, because of the anesthetic paralysis, the voluntary 
muscles cannot express themselves. Were it not for the muscular 
paralysis the patient's face, without doubt, would express motor 
activity as strongly as it is expressed in the accompanying picture 
of the athlete whose motor mechanism is driven by voluntary im- 
pulses only (Fig. 29). The units of the motor mechanism of a 
patient wider inhalation anesthesia may he driven even more power- 
fully, though in silence, throughout the course of a surgical operation. 
The result is the same as it would be if a major surgical opera- 
tion were to be performed under curare alone. Curare completely 
paralyzes all voluntary muscles, but produces no anesthesia. It 
therefore gives complete muscular relaxation — a dead paralysis 
that would satisfy the roughest surgeon. During such an opera- 
tion there would be absolute stillness, but after the paralyzing 
effect of the curare had worn off and the patient had again be- 
come able to express himself, what would he say? What would 
the surgeon think? Yet the surgeon daily inflicts equally great 
injury upon the brain of the anesthetized patient. For this rea- 
son a patient who enters the operating-room in the flood of health 
and with composed face may emerge broken and shattered and 
with the facies of the tortured from a severe, perhaps rough, 
operation under inhalation anesthesia. 

COMPARATIVE SHOCK-PRODUCING EFFECTS OF TRAUMATA OF 

DIFFERENT PARTS OF THE BODY 

It is significant that the facility with which shock may be 
produced depends upon the part of the body injured and upon the 
type of trauma to which the part is subjected. We have stated 
that shock is the result of brain-cell exhaustion caused by power- 
ful or frequently repeated stimuli received through the nerve 
ceptors. We should then expect that the greatest brain-cell ex- 
haustion and consequent shock would result from injuries to those 
7 
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parts of the body most richly siippHed with senson' nerves — /. €., 
nociceptors. 

We have stated also that the nociceptors are most abundant 
in those parts of the body which, in the course of evolution, have 
most frequently been subjected to injuring contacts with envi- 
ronment; that is, the nociceptors are a part of the mechanism for 
self-defense which during the ages of evolution has been gradually 
developed for the preservation of the individual and, consequently, 
of the species. 

On this basis the hands and feet and the trunk should have 
many nociceptors; while the brain, which through probably the 
greater part of man's evolution has been protected by a skull, 
should have none. The first premise needs no experimental 
proof — daily experience is sufficient to prove to every one the rich 
endowment of the exposed portions of the body with these warn- 
ing nerve-endings. As to the second premise — it is known clin- 
ically that even in conscious patients explorations for brain tumors 
with a probe elicit neither pain nor any evidence of altered physio- 
logic functions. Realizing, however, the importance of conclu- 
sive proof of the fact that the brain possesses no nociceptors, a 
series of careful experiments were made. The cerebral hemi- 
spheres of dogs were exposed by the removal of the skull and 
dura under ether and local anesthesia. Then in each animal 
one entire hemisphere was slowly but completely destroyed either 
by rubbing it with a piece of gauze or by burning. In no instance 
was there more than a slight response of the centers governing 
the circulation and respiration, and no morphologic change was noted 
in the brain cells of the uninjured hemispheres. Collapse from in- 
terference with the medullary centers is not, of course, true sur- 
gical shock. 

We must conclude, therefore, that the brain contains no mech- 
anism — no nociceptors — the direct stimulation of which causes 
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activation of the brain cells. That is, direct injury of the brain 
can cause no purposeful nerve-muscular action, while direct in- 
jury of the hand, for example, does cause purposeful nerve-mus- 
cular action. In like manner the deeper portion of the spinal 
region, the lungs, and the parts protected within the thoracic 
cavity, have been sheltered from trauma, and they show but little 
power of causing a discharge of nervous energy in response to 
injur}'. Since, in the harsh period of man's evolution, injury to 
the heart, the brain, and the lungs led to immediate fatal results, 
there was no opportunity through natural selection for the develop- 
ment of a protective muscular reaction. These parts of necessity, 
therefore, were placed under special structural protection. On 
the other hand, injuries of the abdomen and of the chest expose 
larger areas to the air and cause intense discharges of nervous 
energy, these regions standing first in their capability for shock 
production. 

Next in order follow the extremities, the neck, and the back. 
In the extremities the sole and the palm are more susceptible to 
shock-producing injury than are the dorsa; within the abdomen 
the region of the diaphragm is more susceptible than that of the 
pelvis; the kidneys, the ureters, and the urinary bladder have a 
relatively low shock-producing value, while the omentum is prac- 
tically a negative tissue. As one would expect, however, injuries 
to the peripheral nerve trunks produce intense shock. As to the 
abdomen, it is probable that the great facility with which shock is 
l)roduced by rough manipulations within the abdominal area may 
in part be due to the mechanical interference with the flow of 
blood in the great veins, and in part to other causes not as yet 
clearly apparent. 
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COMPARATIVE SHOCK-PRODUCING EFFECTS OF DIFFERENT 

TYPES OF CONTACT AND TRAUMA 

Not only is the degree of shock dependent upon the part of 
the body injured, but it varies also with the type of trauma inflicted. 
Powerful response is made to crushing injuries by environmental 
forces; to such injuring contacts as resemble the impacts of fight- 
ing; to such tearing injuries as resemble those made by teeth and 
claws. That is, injuries which resemble those inflicted by phys- 
ical environment or by the camivora in fighting each other and 
in killing their prey are the most efficient shock-producing traumata 
that are known. 

As a significant corollary' to these observations we must note 
that there is no nerve-muscular response — and consequently no 
shock — as a result of injuries inflicted by forces which are of such 
late development that they played no part in evolutionary history. 
For example, heat is a stimulus which has existed since the days 
of prehistoric man, while the ar-ray is a discovery of today. Every 
one knows the intense shock produced by bums with fire, while 
the ar-ray may mjure the bodily tissues, even to their destruction, 
without producing shock. There was no weapon in the prehis- 
toric ages which could move at the speed of a bullet from a modern 
rifle; therefore, while slow penetration of the tissues produces 
great pain and muscular response, with consequent exhaustion, 
there is slight, if any, response to the swiftly moving bullet. The 
only obvious defense against such injury is strategy. For the 
same reason the sharp di\4sion of tissues by cutting produces less 
response than blunt injury. Indeed, one might imagine that the 
body could be cut to pieces by a s^iperlatively sharp knife applied 
at lightning speed tcithont material nerve-muscular respoTise — hence, 
without shock. 

From this phylogenetic premise we should also conclude that 
there are no nociceptors for heat within the abdomen, because 
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during countless years of evolution the intra-abdominal region 
never came into contact with heat. That this inference is cor- 
rect is shown by the fact that the application of a thermocautery 
to the intestines when completing a colostomy in a conscious 
patient produces absolutely no pain. 

On the other hand, just as the outer portions of the body — the 
skin, the ear, the nose, the sole of the foot, etc. — have developed 
the specific types of nociceptors best adapted for their specific 
protective purposes, so the abdominal viscera have developed 
equally specific nociceptors as a protection against nocuous influ- 
ences. We must believe that there has always been the danger 
of perforations from ulcers in the gastro-intestinal tract, of in- 
fections following tearing injuries from without; of appendicitis, 
of gall-stones, of peritonitis from various causes, and of overdis- 
tention of the hollow viscera from various forms of obstruction. 
So we find that while the division of the intestines with a sharp 
knife causes no pain and consequently no nerve-muscular response, 
pulling on the mesentery does elicit pain and protective response 
because such pulling resembles the jmlling of distention. Ligation 
of the stump of the appendix causes sharp, cramplike pain; dis- 
tention of the gall-bladder and of the intestines causes pain; and 
all these conditions may be accompanied by prostration and ex- 
haustion. 

In the course of abdominal operations rough manipulation 
of the parietal peritoneum often causes a marked increase in the 
respiratory rate, especially in the expiratory force. Under light 
anesthesia severe manipulation of the peritoneum often causes 
such vigorous contractions of the abdominal muscles that the 
operator is greatly hindered in his work. 

As to the reason for these subconscious movements, there can 
be no doubt — they are efforts to escape from injury. Pain, 
wherever or however produced, or manipulations and injuries, 
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which, in a conscious person, would cause pain, are invariably a 
stimulation to motor activity, whose ultimate object is protection. 
Thus by the muscular action resulting from pain we are protected 
against heat and cold; against too intense light; against local ane- 
mia caused by prolonged pressure upon any portion of the body. 
So, too, pain of greater or less intensity compels the required emp- 
tying of the pregnant uterus, and the evacuation of the intestine 
and of the urinary bladder. 

SPEOFICnY OF NERVE-MUSCULAR RESPONSE TO ADEQUATE 
STIMULATION LEADING TO EXHAUSTION 

We find that the distribution of pain ceptors corresponds to 
the areas of most frequent physiologic and pathologic injury, their 
function being the production of some kind of advantageous mus- 
cular action. Pain and muscular action are closelv related. The 
kind of operative technic that would cause the greatest pain in 
the absence of anesthesia is the kind that causes the greatest degree 
of shock. 

It should be noted that in every instance the muscular activ- 
ity resulting from pain is specific in its type, its distribution, and 
its intensity. This specificity is true not only of pain which is 
the result of external stimulation, but is true also of the pain as- 
sociated with certain types of infection. The infections which 
are associated with pain are those in which the bacteria may be 
spread by muscular action and in which the fixation of parts by 
continued muscular rigidity is an advantage. As a striking corol- 
lary to this fact we find that the type of infection which may cause 
muscular action when it attacks one region of the body causes no 
such action when it attacks another region. On the contrary, in 
the case of the painless exanthemata the protective response is 
not motor, but chemical; that is, in the case of the painless infec- 
tions the defense is hv the formation of immune bodies in the 
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blood. In the case of the painful pyogenic infections the defense 
is phagocytic. In these cases the parts of the body not invaded 
must be protected, and this protection is secured by \'arious forms 
of muscular activity. First, large quantities of lymph are poured 
out; second, the part is fixed by continuous contraction of the 
neighboring muscles; third, those muscles are inhibited which 
b\' their ordinary action would spread the infection ; and wherever 
there is protective muscular rigidity there is also pain. 

In all these infections the accompanying exhaustion — shock — 
is usually in proportion to the muscular activity excited in response 
to the pain stimuli. This postulate is substantiated by the brain- 
cell findings in persons who have died as a result of pyogenic 
infection and in animals which have been inoculated with various 
organisms. To the extent that the brain cells are damaged by 
infection the patient's margin of safety is reduced. 

As a further proof of the hypothesis we must observe also that 
no muscular rigidity and, consequently, no pain is produced by 
pyogenic infections in those organs whose muscular contraction 
can in no way assist in localizing the infection. This is true of 
pyogenic infections in the substance of the liver; in the paren- 
chyma of the kidney; within the brain; in the retroperitoneal 
space; in the lobes of the lung; in the chambers of the heart; in 
the blood-vessels of the chest and abdomen. The organism de- 
fends itself against the pyogenic infections by pain and muscular 
action for the same reason that it defends itself against physical 
injury by pain and muscular action. Both responses are examples 
of specific adaptation. 

Adequate stimulation of the nociceptors for pain, however, is 
not the only means of causing the transformation of potential 
energy in the brain cells into kinetic energy. Vast amounts of 
energy are discharged as a result of the gentlest stimulation of the 
iso-called ticklish areas of the body. The resultant motor activity 
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in such a case is a self-protective action evolved for the purpose of 
guarding delicate areas from contacts which might be the pre- 
cursors of serious injury in most important regions of the body. 
The ear in man and in animals is acutely ticklish, the adequate 
stimulus being any foreign body, but especially an insect-like 
contact. The transformation of energy and consequent motor 
activity in horses and in cattle in response to adequate stimulation 
of the ticklish receptors of the ear is so extraordinary that we must 
conclude that in the course of evolution such activity was of great 
importance to the safety of the animal. A similar ticklish zone 
guards the nasal chambers; here the resultant activity is sufficiently 
powerful to dislodge and expel the foreign body causing the tick- 
lish contact. A sudden transition from darkness to intense light 
is sufficient to cause sneezing. The larynx is exquisitely ticklish; 
the exhausting results of the coughing which may follow even 
slight laryngeal stimulation prove how powerful has been the con- 
sequent discharge of energy. With the ticklish areas might be 
classed the mouth and pharjTix, which possess active receptors 
which respond so powerfully to the presence of noxious substances 
that violent motor activity is excited, as a result of which the 
most profound exhaustion is experienced. Other areas which are 
capable of discharging vast amounts of energy in response to 
ticklish contacts are the lateral chest walls, the abdomen, the 
loins, the neck, and the soles of the feet. Under present con- 
ditions the motor activity resulting from ticklish contacts with 
these regions is of little value to man, except perhaps the strong 
muscular response to even the slightest contact wuth the sole of 
the foot, which is often the means of escape from a painful injury. 
Should anyone doubt the energy-producing power of the cep- 
tors in the ticklish regions of the body, let him be bound hand and 
foot and then tickled for an hour. He would emerge from this 
test as completely exhausted as though he had experienced a rough 
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major surgical operation or had run a Marathon race. Another 
witness to the exhausting effect of stimulation of one of these sen- 
sitive regions is the testimony of travelers to the prostrating results 
of the infliction of the bastinado, one of the most painful punish- 
ments known. 

Examples of specific reaction to adequate stimulation might be 
multiplied indefinitely. Enough has been said, however, to show 
that in the course of evolution certain portions of the body were 
constantly exposed to injury, and that, as a consequence, special 
mechanisms were evolved for their adequate defense. These 
mechanisms consist of nerve ceptors to receive the injurious con- 
tact; of fibers to convey the stimulus to the brain; of energy 
stored in the cells of the brain which, upon the receipt of an 
adequate stimulus, is spontaneously released to produce a pro- 
tective muscular activity. The truth of this postulate being 
granted, it becomes evident that the sum total of brain-cell energy 
must be diminished by each stimulus, and it follows as a self-evi- 
dent corollary that the brain-cell energy will be most greatly dimin- 
ished by injuring contacts wdth those parts of the body most richly 
supplied w-ith nociceptors. The comparative shock-producing 
effects of operation upon different portions of the body are thus 
explained with the exception of cases in which interference w'ith 
important functions of such organs as the liver, the brain, the 
heart, or the splanchnic vessels introduces another contributing 
non-kinetic factor. In this explanation appears imma facie one 
key to the achievement of the shockless operation — the use in 
these shock-producing regions of gentle manipulations and of a 
technic which as far as possible differs from the rough, injuring 
forces, to meet which the defensive mechanism was evolved through 
adaptation. 
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SHOCK-PRODUCING EFFECT OF STIMULATION OF THE DISTANCE 
CEPTORS— THE EMOTIONS, ESPECIALLY FEAR 

As self-preservation is the most deeply rooted instinct in all 
living beings, so fear is the most widely distributed of the emotions, 
and the most powerful in its effect upon the organism. As the 
injured body tries to withdraw from painful, dangerous contacts, 
so the perception of threatened danger causes the body to be 
activated for escape. So powerful has the instinct to flee from 
anything which endangers the safety of the individual become that 
even distant dangers, or the mere memory of them, may cause 
the phenomena associated with the activity once experienced by 
the indi\'idual or his ancestors when escaping from a present 
danger. The extreme prostrating effect produced in many people 
by the mere sight of blood can be explained only on this phylo- 
genetic basis. 

In rabbits frightened by dogs, but not injured and not chased, 
the principal clinical phenomena are rapid heart, accelerated res- 
piration, prostration, tremors, and a rise in temperature. The 
dogs show similar phenomena, except that instead of the muscu- 
lar relaxation seen in the rabbits, they exhibit an aggressive mus- 
cular activity. Both the dogs and the rabbits are exhausted, but 
the exhaustion of the rabbits is greater even though the dogs may 
exert themselves actively and the rabbits apparently remain phys- 
ically passive. 

An analysis of the phenomena of fear shows that, as far as can 
be determined, all the bodily functions which are of no direct 
assistance in the effort toward self-preservation are suspended. 
In a voluntary expenditure of muscular energy, as in the chase or 
in athletic exercises, the suspension of the other bodily functions is 
by no means so complete. Fear, therefore, and, above all, fear 
associated with trauma may completely exliaust the organism 
even to the point of death. Not only is this true, but fear causes 
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a lowering of thresholds and, therefore, to the person obsessed 
by fear the power of all stimuli — both physical and psychic — is 
augmented. 

After fear, anger is probably the emotion most damaging in its 
effects upon the body mechanism. Man partakes of the nature of 
both the fighting and the fleeing animals, and consequently anger 
alone, or fear alone, or a combination of both may possess him. 
A proof of the phylogenetic origin of anger is found in the fact 
that though the efficiency of the hands of man has largely sup- 
planted the use of the teeth as defensive weapons, he still sets his 
jaw and shows his teeth in moments of great anger. 

From these premises the disastrous effects of worry are readily 
comprehended, for worry partakes of the nature of both fear and 
anger. It is a chronic state of attempting to escape from some 
threatening evil or of anticipatory activation to combat the cause 
of some disaster. This conception explains many bodily impair- 
ments and diseases; it explains the viciousness, alternating with 
sulkiness, the progressive weakness, even to death, shown by ani- 
mals in captivity. It explains the grave digestive and metabolic 
disturbances resulting from prolonged financial strain or anxiety. 
It explains the comprehensive physical changes that are wrought 
by sexual love and hate. It shows how almost any factor in the 
environment, through phylogenetic and ontogenetic associations, 
may influence the functions of the bodily organs. In the uncom- 
promising law of the survival of the fittest, by which man was 
evolved as a motor being, each of his organs at some time in its 
deveh)pmeiit served in the relentless struggle. 

On this mechanistic basis the emotions may be explained as 
activations of the entire motor mechanism for fighting, for escap- 
ing, for copulating. The sight of an enemy stimulates in the brain 
those patterns formed in part by the previous experience of the 
individual with that enemy, and in part by the experience of the 
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race with that species of enemy — the net result of the struggle 
and survival of the race. As an adaptive response these many 
brain patterns, in turn, induce an active stimulation of the energiz- 
ing glands and of the muscles which produce the complete act. 
Captain John Frazer and Captain Cowell have found that the 
blood-pressure in soldiers on duty on the active front was higher 
than in the reserves from the same regiment who were not in acute 
danger. When the soldiers returned from the trenches to rest 
at their billets the blood-pressure immediately returned to normal. 
The effect of the emotions upon the body mechanism may be 
compared with that produced upon the mechanism of an auto- 
mobile if its engines are kept running at full speed while the 
machine is stationary. The whole machine will be shaken and 
impaired and may be even destroyed. 

Since the deleterious effects of worry and fear upon the body 
may be the result of a lack of faith, justifiable or unjustifiable, on 
the part of the individual in his own ability to protect himself 
against real or fancied hostile environmental influences, so we see 
that any agency which can dispel w^orry or can overcome fear w^ill 
stop these body-wide stimulations and inhibitions which cause 
lesions that are as truly physical lesions as are fractures. The 
striking benefits of good luck, success, and happiness; of changes 
of scene; of hunting or fishing; of optimistic and helpful friends, 
are at once explained on this hypothesis. One can also under- 
stand the sudden change from the broken body and cowed spirits of 
an animal in captivity to a buoyant normal condition when freed. 

These facts, proved by common daily experience in the clinic 
and in the laboratory, show how disastrous may be the effect of 
the terror and anxiety natural to the patient who contemplates 
a surgical operation upon himself, even if all effects of the actual 
trauma are obviated (Fig. 30). 

Every surgeon knows how much better are his results in the 
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case of the patient who views with unconcern the preparations tor 
the approaching operation, than in that of the high-strung nen'ous 
patient whose terror may reach such a degree that the fear phe- 
nomena are evidenced throughout the operation by an increased 
pulse-rate, rapid, troubled respiration, sweating, tremors, etc. 
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Fju. ao. — EFFEtrr ok .Stro.vu Kmotiok— FtAn— L'pos- ths Pulse. 
Tlic patient, a forcigntT, nas brought to the operating-room from the acci- 
dent ward. Pulse and temperature normal. When he found himself in the 
opcr iting-room he was groatly disturbed. It was im]K)ssible to make him 
undtr-tand that his leg was not to be amputated, but only a plaster cast 
applied Under this payehic stimulus his pulse rose to 150, and aoon he de- 
veloped a temperature of 101.2° F. 

In addition, Ike liaiient who, yrior to his operation is convinced 
that he wiJl die, vsiially does die. The quiet, settled conviction is 
as potent in its effect as is the terror which holds the bird motion- 
less as he watclies the approaching serpent. The operation may 
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be an exploration for a suspected cancer, of the existence of which 
the patient feels absolutely certain. If, after the operation, he 
is told that no cancer was found, he is sure that the surgeon has 
invented a fiction for his encouragement and that an inoperable 
cancer actually exists. The patient has heard of such means 
being taken to bolster up the courage of the hopeless. If he be a 
physician, he may himself have been a party to such a deception. 
The force of this conviction will probably overbalance all the 
efforts of his surgeon. The overwhelming stimulus in such a case 
js the same as that which depresses the animal in captivity, or 
that which in our laboratory' injured the brains of our frightened 
rabbits, and threw excessive amounts of adrenalin into the blood 
of our frightened cats; the* same as that which is evident in the 
strain and stress of life everywhere. 

In these patients without hope one sees a drawn face; the ex- 
pression is despairing; digestion is arrested; and insomnia is al- 
most unconquerable. These clinical observations are at vari- 
ance with the pulse and temperature which at first are unchanged, 
but the hopeful chart ultimately becomes as grave as the facies, 
and to the astonishment of all but the experienced, death fol- 
lows — a death from fear. 

Internists as well as surgeons recognize that recovery is im- 
possible or is at least prolonged in the patient who does not try 
to get well; and every epidemic attests the fact that many of the 
victims are half-killed by fear before the disease begins its easy task. 

In the hospital, then, as in sports, in competition of every 
kind, in war, in every phase of life, faith in the outcome makes a 
good fighter and is half the battle. The surgeon who confines 
his curative measures to the operating-room has fought but half 
his battle, for a favorable outcome will depend not only upon his 
operative skill but also upon the success with which he can dispel 
doubts of the outcome and bolster up the confidence of his patients 
in their own inherent abilitv to meet the stress of the ordeal. 
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SUMMARY 

The brain i?^ tlie master organ, which, through the intermedia- 
tion of the receptors evolved for light, heat, sound, touch, taste, 
smell, common sensations, as well as of the chemical receptors, 
directly or indirectly drives the various organs of the body. It 
drives the adrenals to increase the output of adrenalin ; the th^Toid 
to increase the output of thjTO-iodin; the muscles to contract, 
etc. Adrenalui is the great oxidizer of the body. Osterhout 
has shown that iodin increases the electric conductivity of 
plants and indirectly increases metabolism. The muscles do 
work. The liver stores and delivers glycogen and breaks down 
the acid by-products of energy transformation into gases and into 
acid salts. Though the gaseous products are mechanically elim- 
inated by the huigs, the acid salts by the kidney, the liver is the 
basic organ of acid elimination. It is obvious, therefore, that the 
organs that perform the basic work of energy transformation tend 
to run parallel courses in their relation to exhaustion and to 
restoration. 

Whether these organs are partially exhausted, as at the end of a 
busy day, or completely exhausted, as in shock, their restoration is 
accomplished principally, perhaps only, during sleep, as far at 
least as is indicated by histologic findings. This gives a sound 
clue to our line of treatment. 

The kinetic system is constantly activated as long as there is 
life, but normal activation produces fatigue, not exhaustion. 
If normal activity of the kinetic system be exemplified by walk- 
ing, shock might be exemplified by the exhaustion caused by a 
!Marathon race. The difference between normal processes and 
shock is one of intensity, not of kind. From these premises 
it becomes obvious that the complete exclusion of both traumatic 
and emotional stimuli tcill wholly prevent the shock of surgical 
operations. 



CHAPTER III 

THE CXINICAL PHENOMENA OF SHOCK 

The outstanding phenomena of shock are: 

1. Reduced metabolism. 

2. Loss of body heat. 

3. Loss of muscular power. 

4. Loss of mental power. 

5. Increased respiratory rate — increased ventilation of the 

lung. 

6. Increased pulse-rate. 

7. Lowered arterial blood-pressure. 

8. Cold, moist skin. 

9. Pallor — sometimes a yellowish tint. 
10. Shrunken facies. 

IL Cyanotic nails. 

12. Dull, listless, expressionless eyes, with heavy lids. 

13. Increased H-ion concentration of the blood — diminished 

reserve alkalinity. 

14. Concentration of the blood — relatively high red blood 

count. 

The patient in shock displays hi^ symptoms dramatically and is 
self-diagnosed. 

Reduced Metabolism. — Not all tissues and organs suffer a 

reduced metabolism in shock. The respiratory system and the 

circulatory system show an increased metabolism; but these 

organs are the minor transformers of energy; the principal energy 

transformation is accomplished by the massive voluntary muscular 

system, the brain, the liver, and other cellular tissues. Whether 

the total heat metabolism is increased or diminished depends on 

the muscular system. If the normal rate of energy transformation 
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Fig. hi.— Effect of thb Dist-HAHiiF, of its Ei-KrYnic Mechavihu irpoN 
THE Cerebellum of an Eleithic Fish. (From photomirrognipiis 
X 310.) 
A, Sertion of normal cerebellum of an electric fiah. B, Section of cerebellum 
of an electric fish after diBcharge. Note the general disappearance of chro- 
matic material mid the almost complete dismtegrufion of some Purkinjc cells 
in B, 
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of the massive voluntary muscular system is diminished the re- 
sult will be decreased metabolism. 

It must be borne in mind, as Mathews has pointed out, that it 
is not at all certain that the metabolism of the brain consists in 
the transformation of its potential energy into heat; it may convert 
a part — perhaps nearly all — of its energy into electricity. This 
would escape the calorimeter. Benedict found no increased 
heat production resulting from intense mental activity, yet the 
brain has a large blood-supply, consumes large amounts of oxygen, 
produces large amounts of carbon dioxid; in fact, the brain has 
the most active metabolism of the body, but since it apparently 
produces no heat it is probable that the potential energy of the 
brain cells is transformed into other forms of energy. The elec- 
tric discharge of electric fish causes no heat, for the potential 
energy of its batteries is transformed into electric, not heat, energy. 
The result of electric discharge to the point of exhaustion on the 
brain cells of the electric fish is precisely the same as the change 
in the brain cells of man in exhaustion (Fig. 31). In our researches 
we have found that the electric conductivity of the brain is in- 
creased in the inceptive stage of traumatic and of toxic shock; 
and that it is decreased in exhaustion from any cause — trauma, 
emotion, exertion, prolonged consciousness (insomnia), strychnin 
or adrenalin injection, infection, th^Toid feeding. 

In curare anesthesia there is complete disconnection of the 
brain from the voluntary muscular system; the temperature of 
the bodv becomes that of the environment, and the animal behaves 
like a cold-blooded animal. Yet if an animal under curare is 
traumatized its brain shows tjpical exhaustion — typical brain- 
cell changes. 

Loss of body heat is one of the most striking features of ex- 
haustion. Lavoisier found that metabolism or energy trans- 
formation is increased by cold ; and Sir Almroth Wright has found 
that acidosis is produced by cold. One would expect, therefore. 
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that cold would increase the degree of exhaustion just as the 
degree of exhaustion is increased by muscular exertion, emotion, 
or pain. 

Increased Respiratory Rate. — In most cases of exhaustion the 
respiration is excessive. Some instances, however, in which the 
respiration is shallow seem to offer some support to the opinion 
of Yandell Henderson that the respiratory center needs to be 
stimulated by carbon dioxid. 

Lowered Arterial Blood-pressure. — The arterial blood-pres- 
sure becomes lowered in every case of shock that progresses to- 
ward a grave issue. Death from surgical shock in the presence of 
a good blood-pressure is, we believe, unknown. Nevertheless, 
excessive trauma mav cause the death of animals in whom a fair 
blood-pressure has been maintained by overtransfusion. In such 
cases it is probable that the progressive muscular weakness has 
retarded the circulation of the blood to the point of failure. 

Cold, Moist Skin. — The feeble circulation and the diminished 
heat production account in part for the cold skin which is one of 
the salient features of advanced shock. The moisture is due, in 
part, to the fact that evaporation is retarded by the lowered body 
temperature, while such evaporation as does take place increases, 
in turn, the coldness of the bodv surface. 

Pallor and Yellowish Tint. — The cause and the significance of 
pallor is obvious, but the cause of the slightly yellowish tint is 
not known. This yellow tint is conspicuously displayed by sol- 
diers lying out on No Man's Land in the presence of gas bacillus 
infection, and in men who have been under a tremendous strain of 
work, worry, and loss of sleep with insufficient food and drink. 

Shrunken Facies. — The characteristic shrunken facies is due, 
in part, to relaxation of the muscles of expression as during normal 
sleep; in part to the want of fluids; in part to the low blood-pressure; 
and possibly, in part, though if so to but a slight degree, to the 
imbibition of water from the blood bv the acidulated tissues. 



CHAPTER IV 

TREATMENT OF SHCXX 

Experimental research has shown: 

1. That whatever the cause of exhaustion, restoration takes 
place principally during rest and sleep. 

2. That rest alone, alkalies alone, hypertonic solutions alone 
cannot restore the normal without the aid of sleep. 

3. That whatever the cause of exhaustion and the resultant 
c^lologic lesions, sleep is the final restorer. The fact that sleep 
is a negative state gives a cue to one line of treatment. 

The indicated treatment then consists in : 
I. Coinbaiing existing causes of exhaust ion, 

II. Establishing a state of negativity through natural sleep and 
through agencies that accomplish in part ichat is accomplished by 
sleep. 

I. Combating Existing Causes of Exhaustion. — The common 
causes of exhaustion are : 

1. Acute Anemia from Loiv Blood- pressure. — One of the out- 
standing damaging factors in shock is the low blood-pressure. 
Therefore, whether or not there has been hemorrhage, if the ex- 
haustion is so profound that life is threatened, the transfusion 
of blood is indicated. The principles and the technic of trans- 
fusion will be described in a later chapter. Except in chest and 
in head cases the foot of the bed of an exhausted patient should 
be elevated. 

2. Cold. — Most exhausted patients are cold and clammy. 

Cold and clammy patients should obviously be warmed by (a) 

blankets; (6) hot air (Fig. 32); (c) electric-light bath. The last 

named treatment is preferred. 
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1], Pain. — Relieve pain by making every possible readjust- 
ment of dressings; by arranging for maximum comfort. If these 
means do not afford relief, and cyanosis is not present ^ give morphin. 

4. Thirst, — If possible, give per rectum by the Murphy drip 
a solution of 5 per cent, glucose and 5 per cent, sodium bicarbonate. 
Give fluids by mouth or subcutaneously. In shock the organism 
is in urgent need of fluids. The natural avenues of absorption 
are preferable to intravenous injection. 

5. Psychic Drive. — Overcome worry and anxiety by reassur- 
ance and attention. 

6. Acidosis. — Secure a good exchange of fresh air. In grave 
crises give oxj^gen; push fluids and give intravenously a 5 per cent, 
solution of sodium bicarbonate with 5 per cent, glucose. Adren- 
alin is of doubtful value. 

II. Establishment of the State of Negativity. — The most com- 
plete state of negativity and, therefore, the most potent repara- 
tive agent is sleep — deepy vniranbled sleeps with complete physio- 
logic rest. Sleep should be broken only for some strongly urgent 
reason, certainly not to substitute a less potent aid, but only to 
avoid a danger — to arrest hemorrhage, for example. Comfort and 
quiet and assurance are lesser, but strongly beneficial states, 
principally because they lead to sleep. The value of sleep is 
attested by its insistence in the intense phases of war — soldiers 
sleep in trenches; in mud; on stones; in rain; under bombard- 
ment; on horseback; on the march; in shell holes; on No Man's 
Land. They sleep with compound fractures or abdominal per- 
forations; sleep despite pain and hunger and thirst; sleep though 
they may be captured; sleep on stretchers awaiting operation. 
In the hospital, oblivious of time, without wants, and uncon- 
ditionally somnolent, the sleep-wearied soldier presents the 
collapsed facies that characterizes exhaustion from other causes. 
When at last in a comfortable bed he often sleeps for two days. 



TREATMENT OF BHOCK 




TREATMENT OF SHOCK 121 

When the urgent desire for sleep has been satisfied, the soldier 
has wants, appreciates pain, experiences hunger and thirst; the 
shrunken face is filled ; exhaustion is relieved ; normal life is restored. 
The damage done by prolonged consciousness unbroken by 
sleep and the repair effected by sleep is demonstrated by the 
following summary of a research described in a preceding chapter, 
see pp. 37 to 49: 

1. Animals become exhausted and inevitably die if kept awake 
continuously for from five to eight days. 

2. Histologic studies of every organ and tissue of the body 
show constant intracellular changes in only the brain, the liver, 
and the adrenals. These changes are identical with the histologic 
changes seen in exhaustion from other causes. 

3. The changed cells in these organs are restored to the normal 
during one period of sleep, except those brain cells whose nuclear 
membranes and cell membranes have been ruptured. These brain 
cells are not restored, but die, and are never replaced. Brain cells 
damaged to a degree just short of dissolution recover slowly; the 
remainder recover in one seance of sleep (see Figs. 4-0). 

4. Substitutes for sleep. 

(a) Nitrous oxid-oxygen anesthesia is a partial substitute for 
sleep. Given one hour in every six in an experiment continued for 
one hundred hours it partially protected the brain from cjlologic 
changes, but did not accomplish as much for the liver and the 
adrenals. (See Figs. 23-25.) In other experiments nitrous oxid- 
oxygen, like sleep, partially restored the brain cells which had 
been damaged by other causes of exhaustion. 

(6) Opium and its derivatives are partial substitutes for sleep, 
its protective effect being extended to all organs. If there is no 
cyanosis and shock is severe, establish deep opium narcosis. 

From these premises we conclude that two sets of factors may 
influence the result of the treatment of shock — one set to be 
avoided, and the other to be employed. 
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Avoid excitement; worry; anxiety; pain; rough handling; wet; 
cold; stimulants, such as strychnin, camphor, mustard, alcohol. 
Avoid chloroform and ether anesthesia. Avoid rough operating. 
Avoid large doses of viorphin in the stage of deep acidosis. 

Employ comfort; solace; w^armth; elevation of foot of bed; 
hot drinks. Employ viorphin except in the stage of deep acidosis. 
Employ blood transfusion. If an operation must he performed, 
let it he feather-edged, quick, gentle, and under nitrons oxid-oxygen, 
and, if practicahle, local anesthesia as well. 

In grave cases give early — not late — blood transfusion. If the 
patient has been long in deep exhaustion, and presents a yellow- 
tinted color and is in a deep mental stupor, indicating impending 
final cellular dissolution, then give an intravenous infusion of 
50() c.c. of a 5 per cent, solution of glucose in 5 per cent, sodium 
bicarbonate solution — perhaps with the addition of a few drops of 
adrenalin. Follow these measures by an ample transfusion of 
blood, as much even as 1000 c.c; and, if indicated, operate im- 
mediately under nitrous oxid-oxygen or local anesthesia, or both 
combined; otherwise, under short ether or spinal anesthesia. 
Whatever the anesthetic, if an operation is necessary, it should 
be performed deftly and qvickly, and with a minimum of hlood loss, 

III. Discussion of the Physiologic Advantages and Disad- 
vantages of Certain Protective Measures. — Normal Saline, — 
Intravenous or subcutaneous saline infusions are useful in cases of 
shock of moderate severitv. Their limitation is seen in the action 
of intravenous infusion, for if normal saline infusion be given to an 
animal at a slow or at a rapid rate in excessive amounts until 
death, two outstanding facts are noted: 

(a) The normal blood-pressure is not raised. 

(h) The animal dies from asphj-xia due to a mechanical 
fixation of the abdominal muscles, the lower ribs, and the di- 
aphragm. This fixation is caused by a vast accumulation of saline 
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solution ill the walls and the lumina of the stomach and the intes- 
tines; i. €., water runs out of the circulation through the areas 
through which water is normally absorbed as rapidly as it enters. 

The blood cannot be more than momentarily diluted bv normal 
saline. The value of normal saline, therefore, is hopelessly lim- 
ited. Water is of great value — of most value when it is ab- 
sorbed from the alimentary canal. 

(c) The normal method of introduction, therefore, is by the 
stomach or through the mucous membranes by the Murphy drip. 
The administration of water by these routes produces no overload- 
ing, the rate of absorption is not excessive, and the results are 
good. Water given intravenously is rapidly eliminated from the 
body. Water passing through mucous membranes or absorbed 
from the tissues is retained and utilized to a far greater extent. 

Ilyperionic Solution of Sodium Bicarbonate or of Sodium 
Carbonate. — Will sodium bicarbonate or sodium carbonate over- 
come intracellular acidosis? Is the addition of glucose an ad- 
vantage? Attempts to find the answer to these questions, both in 
the laboratory and in the clinic, have yielded the following results: 

(ienerally speaking, sodium bicarbonate or sodium carbonate is 
more potent than normal saline. The blood-pressure improves 
more quickly and is better sustained, and the exhaustion is more 
relieved than by normal saline, but, nevertheless, alkalies ac- 
complish far less than blood transfusion. P^ven in intracellular 
acidosis induced by hydrochloric acid, alkalies, such as sodium 
bicarbonate, cause only a temporary change in the intracellular 
lesion. It is only during sleep that the intracellular lesion is 
completely overcome. Sodium carbonate given prior to or during 
shock-producing trauma delays, but does not prevent, the pro- 
duction of shock. The addition of glucose is apparently useful. 

Morphin has possibilities for good and for evil which are not 
yet fully appreciated. laboratory researches have confirmed what 
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clinicians have experienced, viz., that morphin diminishes shock, 
protects against the pyogenic infections, prolongs life in precarious 
situations, such as shock and infection; that under morphin 
patients require less food, and the temperature and pulse in in- 
fections are materially controlled; that under such circumstances 
the morphin habit is not formed. Clinical experience shows further 
that morphin does harm when patients are cyanjosed. Our researches 
have shown that when large doses of morphin are given to animals 
under deep anesthesia, or in acute cyanosed exhaustion from in- 
tense exertion, they are deprived of the powder to overcome their 
cyanosis, i. ^., their acute acidosis. Therefore cyanosed patients 
should not receive morphin. 

While morphin never causes a habit when given in these ex- 
tremely critical states, it easily establishes a habit when given in 
cases of psychic distress, of worry, insomnia, etc. There is op- 
portunity for wide discrimination in its use — in one case none should 
be given; in another case light doses may be beneficial; in other 
cases massive doses are most useful. When the way is clear so 
that massive doses of morphin may be given safely, it is a most 
potent agent for good. 

RECAPTTULATION OF THE TREATMENT OF SHOCK 

1. Physiologic rest. 

2. Warmth. 

3. Large quantities of fluids — by mouth, by rectum, sub- 

cutaneously. 

4. Elevation of the foot of the bed. 

5. In absence of cyanosis, large doses of morphin. 

6. Transfusion of blood. 

7. Nitrous oxid-oxygen anesthesia. 

8. Local anesthesia. 

9. Quick, deft, light operation. 



CHAPTER V 

ANOCIATION 

On the kinetic theory already enunciated in the foregoing chapters 
a neiv imnciple of operative surgery has bee fi founded. Every adequate 
stivixdus icith or icithout inhalation anesthesia, whether from trauma 
or emotion^ predisix)ses to shock. That is to say, the sight of the 
operating-roomy the spoken icord implying danger, the taking of the 
anesthetic, the instrumental injury of tissues in the course of the 
operation, and the irritation of e^x posed divided nerves in the fresh 
wounds, together with the traction of the stitches after the operation, 
all are injurious stimidi. Obviously, the only practical method of 
protecting the brain is the development of an operative technic which 
will exclude from the brain the stimuli of the special senses and 
the stimuli of common sensation, and the employment of an anes- 
thetic agent that does not harm, but rather acts as a protection to, 
the brain cells. 

The principle of anociation may be illustrated by the wrecked 
Titanic. The story of the stress and psychic strain of the sur- 
vivors is known, and that of the lost may be easily hnagined; the 
future memory of this experience in the mhids of the survivors 
may be safely predicted. Now, if a survivor of this ship had been 
so skilfully anesthetized in his bed just before the accident that he 
knew nothing of the impending disaster, and if he then had been 
carried up on deck, lowered into a life-boat, and taken aboard the 
rescue ship without being allowed to awaken from his anesthesia 
until he was safely in bed again in a comfortable state-room — 
if then he had been told that he had been transferred from the 

sinking ship, but that now he was safe and would soon see his 
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home — he would have passed through the stormy scene in a 
state of anociaiio7i. 

Is there a smgle anesthetic that will exclude all nocuous or 
harmful physical and psychic stimuli from the brain? By block- 
ing nen'e conduction local anesthetics protect the brain from the 
eflFects of local operative injury, but they do not protect the brain 
against destructive psychic strain. Inhalation anesthetics exclude 
the psychic stimulation of the brain cells, but do not exclude the 
operative stimulation. Each anesthetic covers a part of the field, 
but there is no single agent that alone can produce anociation, 
which is the goal of operative surgery. We, therefore, do not 
advocate ether alone, chloroform alone, or nitrous oxid- oxygen 
alone; we do not advocate local anesthesia alone, or morphin and 
scopolamin alone, or spinal anesthesia alone, but through selection 
and combination of anesthetics we aim to secure the anesthesia 
that in the case in hand will exclude all stimuli from the brain, 
and thereby attain anociation. 

We propose to discuss the technic by which a state of anociation 
has been attained in certain major operations; to show that by its 
use not only the immediate operative results but the postoperative 
morbiditv and mortalitv as well are lessened or eliminated. It 
may be well first, however, to say a few words regarding the anoci- 
ated environment which should be sought, since this has a scarcely 
less important bearing upon the outcome of the operation than 
has the operative technic itself. 

The surgeon's best assurance for the successful outcome of a 
serious operation would be to have the patient come under his 
care long before the development of the trouble from which relief 
is desired. Unfortunately, this possible factor of success is not 
within the reach of any individual or surgeon. The surgeon, 
however, who too often must deal with patients heavily handi- 
capped by factors which if known in time might have been con- 
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trolled, is finding that by a careful, unhastened preparation of his 
patient he may do much to counteract the adverse conditions. 

It is apparent that the methods required to prevent shock in 
surgical operations must be made as automatic as walking and run- 
ning, as speaking and writing; that is, we must begin with the stu- 
dent, continue with the intern, concentrate on the surgical resident, 
and so drill them and exercise them, and be examples to them, 
that when they are prepared to operate alone they will never need 
to think of the shockless technic anv more than one needs to think 
of the movements and the inhibitions of the act of walking or of 
writing. Once equipped with an automatic surgical technic 
which nicludes the movements and the restraints required for the 
performance of a shockless operation, the attention of the surgeon 
may then be fully occupied with the lesion for which the operation 
is performed, and he will automatically avoid every factor that 
might cause shock. 

Without question, once the habits of needlessly rough surgery 
have become fixed in middle life, it will be difficult to substitute 
other methods without interference with the required attention 
to the pathologic and clinical problems involved in the condition 
for the relief of which the operation is undertaken. 

In other words, the work of the surgeon does not begin in the 
operating-room, nor with the immediate mechanical preparation 
of the patient for operation, nor does it end with the healing of 
the physical wound. In the oi)erating-room and during the proc- 
ess of healing also the patient must be considered a^ a xchole. 
That is, the surgeon, the members of his house staff, the hospital 
superintendent, the intern, the nurse, the orderly — every one 
who comes into relation with the patient — must bear in mind that 
even apparently slight factors may contribute — mightily even — 
to the ultimate welfare of the patient. Already we have come to 
realize to some extent that human beings are integral organisms 
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and that one integral part cannot suffer without the coincident 
suffering of most or all of the rest. Yet we are prone to forget 
that the reverse of the proposition must be true also — that any 
factor which contributes to the welfare or improvement of the 
condition of one essential part will contribute also to the welfare 
of the rest. 

We have stated the importance of the emotional factor in 
producing shock. If the natural fear of the approaching ordeal, 
which is felt by every normal individual, be augmented by tact- 
less words in a surgeon's consulting room, by an ungracious recep- 
tion at the hospital, by inconsiderate treatment by a nurse or 
orderly, by the sound of clanking instruments, or by the rough 
or forced administration of an anesthetic, then the resistance of 
the patient, which is already depleted by his diseased condition, 
will be lowered still further. No matter how perfect and non- 

■ 

shocking in itself may be the technic of the operation, the results 
are still prejudiced by these other adverse factors. 

By an assuring preoperative environment; by the definite 
dulling of the nerves through the administration of a narcotic; 
by a non-suffocating odorless inhalation anesthetic; by a local 
anesthetic to cut off all afferent impulses during the course of the 
operation; by gentle manipulation and sharp dissection; by the 
combination of all these methods the patient is protected from 
damage from every factor except those which exist in the diseased 
condition from which relief is sought (Fig. 33). 

The anociaiion, however, does not end in the operating-room, 
nor with the return of the patient to his bed. Postoperative 
environmental conditions are no less essential than preoperative. 
To perform a shockless operation on a bad risk and then have 
the patient distressed and nagged by poor after-care is like putting 
tacks on a smooth pavement in the path of an automobile after 
driving it safely over rough roads. To achieve the shockless 
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operation the patient must be received and carried through a 
complete anociaiion. Not only the surgeon himself but also the 
resident staff, the anesthetists, the hospital officials, and the 
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Fig. .'^3. — Schematic Dra\vin<; Illusthati\(j Protectivk Effect of 

axociation. 

I, Conscious patient in whom auditory, visual, olfactory, and traumatic 
noci-impulsos reach the brain. II, Patient under inhalation anesthesia in 
whom traumatic noci-impulses only reach the brain. Ill, Patient under com- 
plete arwciation; auditory, visual, and olfactory impuls(»s are excluded from 
the brain by the inhalation anesthesia; traumatic impulses from the seat of 
injury are blocked by novocain. 

nurses must be specially trahied; and, above all, it must be borne 
in mind that no detail is too petty for the attention of the surgeon 
him.self. 
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GENERAL TECHNIC OF ANOCIATION 

Morphin and Scopolamin. — ^To mitigate the preoperative anx- 
iety and to facilitate the induction of anesthesia a solacing dose 
of morphin and scopolamin (usually morphin J grain, scopolamin 
TZJ^ grain) is given an hour before the operation to all patients 
except the aged, the very young, and those whose feeble condition 
contraindicates the use of these narcotics. The use of morphin 
serves the double purpose of diminishing the preoperative psychic 
strain and of actually preventing, to some extent, the damaging 
of the organs of the kinetic system by the trauma of the operation. 

That deep morphinization will almost completely prevent 
shock has been abundantly proved in both the laboratory and 
the clinic. A striking confirmation of this fact is found in the 
following case: 

The patient was a woman forty-six years of age with obstruc- 
tion of the bowels from a solid tumor which occupied the entire 
abdomen and caused distention greater even than pregnancy at 
term. This tumor had been explored six months previously by 
a skilful colleague who had wisely judged the case to be inoperable, 
the urgent condition of obstruction not being present at that time. 
When the patient came to us she was weak, emaciated, and was 
running a slight daily fever. Under anociaiion the abdomen was 
opened and a careful search was made for the obstruction. 

The wide-spread adhesions and the actual inclusions of the 
viscera in the growth soon showed us that we could not relieve the 
obstruction without attempting the apparently impossible removal 
of the tumor. When this decision was reached the pulse had 
mounted to 142 and the respiration to 38. 

The completion of the operation would mean the resection of 
the bladder and of part of the small intestine. Nerve blocking 
in these deep fused structures was impossible. Transfusion would 
be insufficient to relieve the situation. Death was certain if we 



ANOCIATION 131 

retreated and apparently equally certain if we proceeded. In 
no case could an added resource be more urgently needed. 

It was at once decided to apply our laboratory findings regard- 
ing the protective effects of morphin. The operation was inter- 
rupted and morphin was given in |-grain doses at ten-minute 
intervals until the respiration had fallen from 32 to 12 per minute. 
We then resumed the tedious and difficult task of separating the 
huge, adherent, semimalignant tumor by means of sharp dissec- 
tion. To accomplish this separation it was necessary to resect 
a portion of the small intestine, the entire fundus of the bladder, 
and several inches of the right ureter, the proximal end of which 
was implanted into the back by Bottomley's method. The 
tumor had been unable to gain a sufficient blood-supply through 
its original pedicle, and had, therefore, made many vascular 
connections with the neighboring organs, and consequently 
much blood was unavoidably lost during the operation. To 
counteract the resultant anemia a transfusion of blood from 
the patient's sister was given. 

At the close of the operation and the transfusion the respiration 
ranged from to 10 per minute and the pulse-rate was 134. 

The patient was placed in bed in a modified Fowler position 
and sodium bicarbonate and glucose were given immediately 
by the drop method per rectum, while sufficient morphin was 
given in reix^ated doses during the first twenty-four hours to hold 
the respirations to 12 per minute. The patient made a splendid 
recovery from the operation. 

The protective effect of morphin is remarkably exhibited in 
those cases of exophthalmic goiter in which some exceptional local 
condition causes a break in the complete anociaiion of the patient, 
as a consequence of which the pulse and respiration increase 
markedly during or after the operation. In these cases if morphin 
is given in repeated doses until the respiration and pulse are held 
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stationary or fall, the dangerous exhaustion of the patient will 
be avoided. Provided always that the j)atient is not cyanosed, 
morphin may be given at any time during or after the operation 
when it is seen that the patient's energy is being expended at too 
rapid a rate. It is best not to give morphin until the patient is 
out of the anesthesia. 

Morphin is especially useful also in those cases of acute infec- 
tion in which emergency operations must be performed. In such 
cases morphin affords a double protection — it protects the brain 
against the infection as well as against the operative trauma, the 
effects of which are increased, because during the activation of a 
toxin the brain thresholds are greatly lowered. Here also the 
morphin should not be given in one dose, but in repeated doses 
until the physiologic effect is produced. This point will be indi- 
cated by the reduction of the respiration to normal or less than 
normal. 

In brief, by proper use, morphin, to a large extent, controls the 
metabolic processes. It should be added that it is not our inten- 
tion to suggest an increase in the use of morphin in average cases, 
but to emphasize its usefulness w^hen employed in physiologic 
dosage in certain exceptional cases. 

Novocain. — Every division of a sensitive tissue, that is, of a 
tissue supplied with nociceptors, is preceded by the injection of 
novocain in 1 : 200 solution with adrenalin except in exoph- 
thalmic goiter cases. This is used routinely in all parts of the 
body, in all ages, in the debilitated and in the strong, in small 
and in extensive operations. Novocain is used in the smaller 
operations imder all sorts of conditions not because there is any 
danger of shock, but because the incision through unanesthetized 
tissue may cause a change in the respiration and, in consequence, 
an uneven anesthesia; and second, because if novocain is used 
only occasionally the solution and the s^Tinges will not always 
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be at hand. There are certain points of prime importance to be 
observed in the induction of local anesthesia: No nerve filament 
should be omitted; one might think of the local anesthetic as a 
stain and consider that only the stained parts are ready for the 
knife. The infiltrated parts should be subjected immediately to 
pressure, as firm pressure with the hand greatly increases the 
efficiency of the anesthetic and extends the localized area. 

It is well to make the first infiltration between the superficial 
and deep layers of the skin in such a manner as to cause a pigskin 
appearance (Fig. 34). This is facilitated by })utting the skin on 
tension and then, while making the injection, pushing the needle 
along in the skin parallel to the surface. 

In many operations regional anesthesia is excellent — /. c, in 
operations on the chest, in the abdomen, for hernia, for goiter, on 
the jaw, the blocking of the nerves supplying the operative field 
gives excellent results. 

Experience in operating under local anesthesia alone is al- 
most essential for learning how to use infiltration effectively in 
combination with general anesthesia, for the conscious patient 
promptly protests if the infiltration is incomplete. As a result 
of an abundant experience with conscious patients, the surgeon, 
even when operating on anesthetized patients, will automatically 
plan the operation and the handling of the tissues in the manner 
which would cause the least response were his patients conscious. 

It is obvious that the anesthetic solution should be most care- 
fully prepared and sterilized. In our clinic this is done as follows: 
Normal saline solution is prepared with distilled water and boiled 
for twentv minutes; to this a sufficient number of novocain crvstals 
are added to make a 1 : 200 solution, which is then boiled for ten 
minutes each on two successive davs; 15 mm. adrenalin to a 
small cup of the solution is added in all operations excepting for 
exophthalmic goiter. 
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\Mien novocain Ls properly injected it anesthetizes the part 
immediately; the anesthesia lasts for approximately an hour; 
and it does not interfere with the healing of the wound. The 
efficiency of novocain is augmented by adrenalin. 

Quinin and Urea Hydrochloride — On account of edema and 
perhaps some interference with wound healing the use of quinin 
and urea hydrochlorid is reser\ed for serious cases only. To 
minimize postoperative disctjmfort. especiaUy in abdominal opera- 
tions, quinin and urea hydrochlorid in | to ^ per cent, solution is 
injected at a diManct from the wound. The effects of this local 
anesthetic last for several days, so that by its use the patient 
is protected from nocuous impulses from the operative iGeld until 
the healing process has well begun. This local anesthetic can be 
safely used in all cases in which no infection is present, but is un- 
safe in the presence of infection because it to some extent dimin- 
ishes the resistance of the tissues. Quinin and urea hydrochlorid 
usually causes sinne edcina of the infiltrated part which may last 
for weeks, but which ultimately disappears. In our clinic the 
solution used is {xepared by boiling distilled water for twenty 
minutes: then adding a suffident number of sterile quinin and urea 
tablets to make a solution of the required strength, which in turn 
is hoileil fw ten minutes. 

Moxnihan has devised an excellent sviinge with an obtuse- 
angled needle by means vi which the quinin and urea hydrochlorid 
may be injected! a/ a distmur fnnn the incision so that the entire 
operative field will be anesthetized for two da\-s or more after the 
operation, while the wound itsdf is not exposed to the irritation 
of the quinin and urea vRg- ^^V I" <*^^ ^^ advanced Graves' 
disease the infiltration irf the fidd with quinin and urea hydro- 
chlorid is niarkt\ll\' WnefioiaK 

Gtntte Manipulatioiis: Sharp Dissection.— The phylogenetic 
facts ujx^ which the kindic fkexvr^ «/ Jfhock is founded indicate the 
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necessity for the use of the gentlest manipulations throughout 
the operation. In this respect the surgeon should at all times 




govern his movements as he would if the patient were to be con- 
scious of each step in the operation. Pulling, tearing, and crushing 
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manipulations awaken phylogenetic noci- associations with con- 
sequent activation for defense, and exhaust the organs composing 
the kinetic system, especially the brain. In addition, actual coin- 
cident trauma is produced by traction on the tissues beyond the 
zone which is protected by the infiltration of the local anesthetic. 
On the other hand, the division of the tissues with a sharp scalpel 
is a form of injury which awakens less phylogenetic association 
and, in addition, produces the least amount of damage to the tis- 
sues. Gentle manipulation and sharp dissection produce the 
least amount of tissue injurj', and therefore necessitate the mini- 
mum amount of healing. Clean-cut ivourids give the least y<.)st' 
operative discomfort. It should be borne in mind also that trauma, 
by diminishing their vitality, predisposes the tissues to infection. 
For every reason, therefore, the tissue trauma should be as slight 
as possible. 



CHAPTER VI 

SHOCK AND EXHAUSTION, ANOCIATION, AND RESTO- 
RATION IN MILITARY SURGERY 

Our researches on animals, which have extended through many 
years, have inckided experiments covering every cause of shock 
and exhaustion except those which were im})racticable on account 
of their cruelty. This war, however, has provided ample human 
material to make good the deficiencies in laboratory researches 
caused by due consideration for the sufTering of animals. 

In our experiments we found that exhaustion (some forms of 
which we call shock) was caused by injury, fear, exertion, infection, 
worry, asph^-xia, hemorrhage, loss of sleep, starvation. 

In the war soldiers are being subjected to all these causes 
of exhaustion to a degree never produced in any laboratory. They 
are exposed to cold and wet and mud; to continuous worry and 
foreboding for long periods; to homesickness and depression; 
to the utmost hunger and thirst; to the annoyance of vermin; 
to nauseating odors; to general infection. They are subjected to 
the efl'ects of high explosives; to every type of physical injury; 
to wound infection. Thev are buried alive. 

Those exhausted soldiers whose good fortune it is to be taken 
promptly to the advanced hospital are relieved from physical 
pain and the stress of battle. Here they are warmed, are 
given hot drink, and are allowed to rest. In grave cases a trans- 
fusion of blood is given before a short deft opportune operation 
under nitrous oxid-oxygen. 

But there are others who do not reach the advanced hospital 

promptly, in whom intracellular changes have been wrought by 
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the length and intensity of their exposure. These have a different 
appearance — present a different problem. The "shell-hole" man 
has a problem all his own. 

The soldier marooned in a shell hole on No Man's Land mav 
be as far from help as if he were across the sea. In such practical 
times good stretcher bearers are not exchanged for an incapacitated 
soldier. He has iron rations, but no water. He must drink the 
water from the shell hole. The sleep of exhaustion overtakes him. 
His wound swells during the night, becomes painful and infected; 
his food is gone; there is no more water and his fever is high. 
Now and again he may receive a new wound. The moments 
drag. He cannot die; he cannot live. Another night; another 
day; each growing worse and wearing him down — fever, pain, 
thirst, despair. After several dav-s he sinks into a half-uncon- 
scious state of exhaustion. 

He experiences no joy when he is dragged out of the shell hole 
by the stretcher bearers. The bone fragments grind — he is in- 
different. He does not recognize the hot tea offered him at the 
advanced station. He is unconscious when he arrives at the 
advanced hospital. He is lethargic. His eyes are half-closed. 
He is cold, pulseless, wet, clanuny, yellow tinted, shrunken 
faced. The wound contains mud and clothing and is infected. 
This is not an exceptional, not an unusual case, but common 
after a great battle. The condition varies with the character 
of the wound, the kind of weather, the nature of the place which 
has offered concealment, the possibility of obtaining food, the 
t}T)e of infection — pyogenic, gas gangrene, tetanus. The onset 
of tetanic convulsions may occur in a dark night when the ex- 
hausted soldier is half-submerged in bottomless mud (Flanders 
Fields), the vigorous convulsive movements deepening his posi- 
tion until the advent of the last beneficent convulsion which com- 
pletes the welcome closure of the soft mud over him, ending his 




Fill. 36.^ErFE(T OF Combinkd Stimuli, Chief Among f 

HOUNIA, ExEItTlON. AND EMOTION, ON THK BrAIN, ADBENAI^, AND LiVER 

OF aSoldierwhoDied fhom Exhaustion. Case I (A and D from photo- 
micrographs X 310; B, C, E, and F from photomicrographs X 1640.) 
A, Section of normal cerebclium. B, Section of normal adrenal. C, Section 
of normal liver. D, Swlion of cerebdlutu of exhausted soUlier. E, Section 
of adri:nul of (•xhiiusti-ii solciifr. F, l-'ection of liver of exhauKleei soldier. 
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Fio, 37.— Effect or Cousim:d Stimcli. Chief Among which were In- 
somnia, Exertion, and Emotion, os the Braiv, Adsenals, and Liver 
OF A Soldier whoDied fromExhaostiox. Case II (A and D from plioto- 
microgrspha X 310; B, C, E, and F from photomicrographH X 1640.) 
A, Section of normul cerebellum. B. Section of normal udrpiial. C, Section 
of normal liver. D, Section of cerebellum of exhausted soldier, E, Section 
of adrenal (if exhausted *tldier. F, Section of liver uf exliau-<ted soldier. 
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pathologic strivings. Even the slightly wounded may be drowned 
in mud. Sometimes they are rescued, sometimes they gravitate 
and join the throng underneath; for many hundreds, perhaps 
thousands, of wounded soldiers have been swallowed bv the morass. 

Exhaustion in every form is seen in the wake of battle. The 
surgeon sees only the more fortunate cases. The untold stories 
need not concern us; the even'-day facts are sufficient (Figs. 36, 
37). 

From their personal experience in the obsen'ation, examina- 
tion, and treatment of these cases the authors have drawn the fol- 
lowing conclusions: 

Anociatian has proved to be of the utmost value. These 
patients require an intracellular resuscitation. The intraceUular 
mechanism is far less impaired in acute shock of short duration. 
The treatment that succeeds well in the acute case mav not succeed 
in the case of the shell-hole man. We are convinced, therefore, 
that in addition to the treatment outlined for the case of shock 
in the civil hospital, additional measures must be employed. The 
specific is not yet at hand, but opportune treatment carefully 
planned to meet this or that indication will save many. In these 
cases nitrous oxid-oxygen is a remarkable means of anociation, 
but while nitrous oxid-oxygen alone does well, the addition of 
regional or sacral anesthesia provides still another factor of pro- 
tection. 
10 



CHAPTER VII 

ANOOATION IN ABDOMINAL OPERATIONS 

General Technic. — Our associates, Drs. F. E. Bunts, H. (t. 
Sloan, and the members of the Resident Staff of Lakeside Hospital, 
have performed 12,382 abdominal operations, 9424 before the 
use of anociation was inaugurated and 2958 under anociation. 
The striking improvement in our results since the adoption of 
these methods furnishes us with the incentive to try to achieve a 
technic which will assure an even more complete anociation. 

Technic, — Except to the very young, the aged, and patients 
with depressed vitality, morphin (| grain) and scopolamin (yihj 
grain) are administered one hour before the operation. The 
young, the old, and certain handicapped patients are not given 
this preoperative sedative dose. In nitrous oxid-oxygen we have 
an efficient preventive of shock; but in abdominal operations 
the anesthesia is so light that muscular rigidity is produced unless 
local anesthesia is used and most gentle manipulations are em- 
ployed. The rigid abdomen under nitrous oxid-oxygen is more 
the, problem of the surgeon than of the anesthetist. 

The skin is infiltrated with novocain in 1 : 400 solution in such 
a manner as to produce a broad, white elevated strip of skin within 
which — strictly within which — the incision is made (Fig. 38). The 
razor-edged knife divides the skin and underlying fat. As fat 
is but sparsely supplied with nerves, this tissue may be divided 
down to the external fascia without novocain infiltration. 

The external fascia is next infiltrated and is divided bv the 

controlled passage — not sweep — of a sharp scalpel, and then, in 

succession, the muscles, the posterior sheath, and the peritoneum 

are anesthetized and divided (Figs. 39, 40). 
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Fig. 3S.— Ahdominmi. Operations: Inkiltkatlon of Skin and Si:b- 

OrS TlSrtlES WITH XOVOCACN. 
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If the patient is a grave risk, and if there is no infection, then, 
as soon as the abdomen is opened, quinin and urea hydrochlorid 
in 6 to I per cent, solution is used in a massive infiltration of the 
abdominal ^-all at a distance from the incision, the infiltration being 
so complete that the entire operative field is physiologically severed 
from the brain (Fig. 41). The effect of the quinin and urea hydro- 




>. OVOCAIN. 



chlorid lasts for two da,\-s or more and minimizes the postoperative 
shock and gas-pain. It must be repeated that quinin and urea 
hydrochlorid are used in o7iIy the grave risks. 

If the principle of anociation be carried out in every detail, 
then, no matter what may be the location or the length of the ab- 
dominal incision, the intestines will remain within the abdominal 



150 



AKOCI-ASSOCIATIOX 



cavity and the abdominal muscles will be completely relaxed 
(Fig. 42), Under these conditions the entire abdomen may be 
explored without causing any contraction of the abdominal 
muscles. If the incision be long, the entire wall may be elevated 
with the warm, moist»ied, gloved hand, and most of the viscera 




inspected. The hand may then go gently but completely over 
everj' viscus, and explore every nook and comer of the abdomen 
without disturbing the original complete muscular relaxation. 

It may happen, however, in spite of biolpgic strategy that the 
existing condition may make it impossible to avoid the stimulation 
of noci-ceptors, so that muscular contractions may be excited. 
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In such a case the nitrous oxid-oxygen should not be jmsked an 
atom beyond the pink stage, but ether should be added until the 
needed relaxation is reached; a few minutes and but little ether 
are usually sufficient to attain this end. The nitrous oxid-oxygen 
apparatus should liave an ether attachment, to be used to aupple- 
nient nitrons oxid, not to displace it. 




Owiuf; t() the entire relaxati(m of complete anociatiim liut few, 
if any, hitra-ahdominal pads are required. Nowhere is the law 
of consequences more truly exemplified than in abdominal opera- 
tions. In no instance does the punishment more trulj- fit the 
crime. Sow roughness antl reap a har\est of postoperative dis- 
tress. 

In the following chapters we shall deal with the practical 
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application of the principle of anociation in various t>T)es of ab- 
dominal operations. The most difficult and critical abdominal 
operations, which carry the highest mortality, are those for the 
repair of the perforating gunshot wounds received in war. We 
therefore include the following note made by one of the most 
experienced and careful British surgeons. The operations which 
he reports were all performed at the same casualty clearing sta- 
tion, the patients were similar in tj^, the distance from the place 
in the fighting line where each was wounded was approximately 
the same, the anesthetic in each case was administered bv the 
same anesthetist. These conditions afforded an unusual oppor- 
tunity to compare the results secured with and without anociation . 

NOTE ON GAS OXYGEN AND LOCAL ANESTHESU IN OPERATIONS 
FOR GUNSHOT WOUNDS OF THE ABDOMEN 

By Captain Douglas C. Taylor, R. A. M. C. 

Until the summer of 1917 my colleague. Captain G. Marshall, 
invariably gave ether for my laparotomies for gunshot wounds 
of the abdomen. No series of 100 consecutive cases showed a 
recovery rate of much over 50 per cent. 

During the summer and autumn of 1917 I did 101 laparot- 
omies for abdominal wounds, and nearly half of them were given 
nitrous oxid and oxygen, combined with infiltration of the abdom- 
inal wall with eucain or novocain. The more serious cases — 
i, e., those with rapid pulse and low pressure — w^ere nearly all 
done by this method. 

Of this series, 27 died at the casualty clearing station, and 74 
were evacuated to the Base; of the latter, there have been only 
two deaths, both from secondary hemorrhage — one from the 
kidney and the other from the rectum and buttock. 

Various incisions were used, i. e., median, paramedian and trans- 
verse or oblique, subcostal in both upper and lower abdomen. 
Relaxation w^as invariably good, provided the deeper layers of 
the abdominal wall had been carefully infiltrated. Very occasion- 
ally a little ether was given to facilitate closure of the abdomen, 
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Kl<i. 42. — COMPLKTELV HkI.AXKD AUIIOMIN.M. WaLL AND i.M 

1 Rt^^VLT OF Auocialioti. 
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always done by suturing in layers. We found this type of anes- 
thesia well tolerated in combined chest and abdominal wounds, 
also in patients who were suffering from poison gas. Both types 
give a very high mortality with ether anesthesia. 

These much improved results must also be attributed in part 
to transfusion of whole blood, which was practised after the 
operation in the more exsanguinated patients. 

The following notes of a case will demonstrate the value of the 
combined method : 

iSoO — Pvt. C, aged thirty-four, admitted 8/ 1()/'17. Wounded 
six hours previously by high explosive shell. Very pale and 
restless, extremities cold, no palpable pulse at wrist. Had vom- 
ited coming down. Single entry wound left buttock, no exit 
wound. Abdomen rigid and tender. 

Patient put in hot-air chamber. Two hours later patient 
was warm, but still no pulse palpable at wrist. Blood- pressure 68. 

Operation. — Gas and oxygen and local infiltration of abdominal 
wall with 1 per cent, novocain solution. ^Median laparotomy 
below umbilicus. Abdomen full of blood. Three large rents 
found in a loop of the jejunum, also three holes in its mesentery. 
Eight inches of the bowel resected, end-to-end anastomosis. 
Abdomen mopped dry and closed without drauiage. Blood- 
pressure would not register at end of operation. 

The patient was immediately transfused with 1200 c.c. of 
whole blood by Captain Rogers of No. 9 (leneral Hospital. After 
transfusion pulse at wrist 120, and blo(Kl-pressure 100. 

Patient had hiccup lasting for a week, which required morphin 
(grain ^) daily to keep it controlled. He gradually picked up 
strength and was mo\'ed to the Base thirteen days after o|>eration. 
He has since been reported as doing well in England. 

Note, — The last Inter-nUied Conference adopted the method 
described above as the method of choice in abdominal operations. 



CHAPTER VIII 

ANOOATION AND PERTTONinS 

What is peritonitisf If peritonitis is the adaptive protective 
response of the organism to infective invasion of the peritoneal 
cavity, then it would appear that peritonitis is no less an evolved 
adaptive phenomenon than is running away from danger or 
withdrawing the hand from inju^>^ This protective response 
of the organism against peritoneal invasion may be so intense 
as in itself to cause death. That such a death is analogous to 
death from traumatic shock is proved by the fact that as death 
from trauma cannot occur when the protective response to trauma 
is prevented by local or regional anesthesia, and as the response 
to trauma is minimized by heavy morphinization, to the same 
extent and for the same reason heavy morphinization protects the 
organism against the effect of infection. 

What evidence is there that peritonitis is an adaptive and pro- 
tective response against infection? First, although the main, if 
not the only, defense against the bacteria that cause infection is 
phagocytosis, the phagocj-tes are not at all times present in the 
tissues in suflScient numbers to guard against infection, but must 
be brought to the point of attack by the blood-stream. It takes 
hours, even a day or more, to mobilize an effective army of phago- 
cytes; therefore it is vitally important that the point of infection 
be localized. It is known that the peritoneum is capable of over- 
coming almost any infection if the infection can be localized; 
but how can an infection be localized in the midst of many feet of 
slippery, ceaselessly moving intestines? If digestion and absorp- 
tion are to go on, the intestinal peristalsis must be continuous. 

To meet the requirements of localization, therefore, one would 
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suppose that there must have been evolved an adaptation to 
arrest the intestinal peristalsis. One of the first responses to 
peritoneal infection is paralysis of the intestine, but even with 
the quiet of intestinal paralysis, how can a point of infection be 
held localized in the presence of the smooth, slippery peritoneal 
lining of the entire abdominal cavity which is swung back and 
forth with each respiratory movement, with each change of pos- 
ture of the body? To prevent movement of any and all kinds the 
beneficent protection of pain was evolved. In the presence of 
peritoneal infection movement of every kind causes acute pain; 
and pain prevents body movements. But when the body and res- 
piration have become quieted by pain the paralyzed viscera would 
still slide about and spread bacteria among the neighboring coils; 
to meet this requirement we may suppose the sticky exudate was 
evolved to glue together and seal in the area of infection. Thus 
the abdominal muscles are stilled, the diaphragm limited in motion, 
the whole man is quiet, his intestines are paralyzed, and the in- 
fected coils are stuck together. 

The urgent need of the mobilization of a vast army of phago- 
cytes we may suppose led to the evolution of the adaptive response 
which provides a vast blood-supply to the infected area. If 
complete paralysis exists, then digestion and absorption cannot 
proceed, and the food in the stomach and the intestine would 
decompose into toxic elements. To meet this danger a benefi- 
cent anorexia and vomiting were evolved. But the contents 
of the alimentary canal, already past recall by vomiting, may 
cause trouble, and the gastric juice and bile and pancreatic 
juice may accumulate. The intestinal tube could easily empty 
itself by acute diarrhea, but the acute peristalsis would spread 
the infection; hence, we may suppose the more disagreeable 
and less efficient reverse peristalsis and vomiting were evolved as 
providing greater net profit. 
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If it is highly important that the infection should not be spread, 
that the soft plastic fixation should not be broken up, then general 
bodily mobility must be arrested, and a mechanism which wholly 
prevents pressure upon the abdomen evolved. *For this purpose 
the extremely efficient and beneficent exquisite tenderness was 
evolved. 

The body must always maintain a standard of chemical purity, 
and if foreign proteins are introduced, these must be destroyed. 
For this purpose we presume still another mechanism was evolved 
— chemical receptors — the adequate stimuli of w^hich are foreign 
proteins, bacterial toxins, etc. As a result pf adequate stimulation 
by bacterial toxins the brain is activated. As a result of the 
activitv of the brain, increased metabolism and increased heat 
are produced. * With each degree Centigrade of elevation of tem- 
perature the total chemical activity is increased 10 per cent. It 
is believed that foreign proteins from bacteria are split up more 
readily than are the living protein molecules of the individual; 
for this reason there was evolved this remarkable chemical pro- 
tection against the foreign proteins of infection, in reality a puri- 
fication by forced oxidation — purification by biologic fire. 

With the increased metabolism the acid by-products are cor- 
respondingly increased, and death would occur but for the fact 
that carbon dioxid causes increased respiratory activity, w^hich 
leads to its rapid elimination and thus prevents acidosis. This 
explains in part the increased respiratory rate in peritonitis; the 
other cause being the fact that the abdominal rigidity prevents 
the full use of the lower lobes of the lung. The increased demand 
for lung ventilation, together with the diminished functional 
capacity, is met by a greatly increased respiratory rate. 

Whenever the organism is deluged with waste products, as in 
peritonitis, the circulation is speeded up to facilitate elimination^ 
hence the quickened pulse; but vast quantities of blood have been 
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beneficently diverted from the main circulation to the abdominal 
circulation, hence the small pulse. The intake of fluid is diminished, 
and the increased loss of fluid by the beneficent act of vomiting, 
combined with the diversion of blood causes the shrunken facies* 
Because of the diminished blood — diminished fluid — the face 
may finally become cold. The vast amount of waste products 
demands the greatest activity of the mechanism of elimination, 
hence the perspiration. How beneficent are some of the intensely 
disagreeable means which nature had to employ to make wilful^ 
careless, unintelligent man save himself I 

What examples of adaptation are the phenomena which con- 
stitute peritonitis! And if we view these phenomena as adapta- 
tions, we shall he more likely to play into the hand of nature — and 
not against her! 

All this complicated mechanism is operated through associa- 
tion, just as the response to trauma and to an emotion are operated 
through association. But the surgeon, by t'xcision of the focus 
of infection, by repair of perforations or rents in the intestinal 
walls, by establishment of adequate drainage, by Fowler's posi- 
tion and assurance of physical rest has in part fulfilled the pur- 
poses of the adaptive mechanism. Therefore, if the further drain 
upon the organism of activity of the whole mechanism of defense 
can be obviated by abolishing the stimuli which call it into action^ 
by so much will the vitality of the patient be conserved. 

The activity of this protective mechanism is evoked by the 
bacterial toxins which as adequate stimuli activate associative 
memorv. Associative memorv is diminished or abolished bv 
morphin. Emotion is abolished by morphin as are also pain and 
muscular action, and in like manner and to the same degree the 
associative memorv evoked bv an abdominal infection is abolished 
by sufficient morphin. Just as a preliminary dose of morphin 
is used as an essential step in the anociated operation, so will it 
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serve to accomplish the "peritonitis-less" abdominal infection. 
The value of morphin in large doses was recognized by Alonzo 
Clark, whose method is certainly the most effective non-surgical 
treatment of peritonitis. When by its use anociation of the in- 
fection is added to anociation of the operation the most eflScient 
surgical treatment is achieved. In the wounded soldier in par- 
ticular, in whom associative memory of cold and wet and mud, 
of continuous worry and foreboding, of homesickness and depres- 
sion, of hunger and thirst, of vermin, of noisome sights and sounds 
and odors, add to the menace of his abdominal infection, deep 
morphinization is of paramount value. 

The essential points in the anociated treatment of abdominal 
infection are the following: 

1. Nitrous oxid-oxygen. 

2. Anesthetized incision. 

3. Accurate clean-cut operation, awakening the least possible 
associative memories of either infection or trauma. 

4. Adequate drainage. 

5. Fowler's posture. 

6. Vast hot packs over entire abdomen spreading down over 
the sides. 

7. Five per cent, sodium bicarbonate, with 5 per cent, glucose 
by rectal tap, continued as long as it is tolerated. 

8. Primary lavage of stomach, repeated only if indicated (it 
will rarely be indicated if anociation is complete). 

9. From 2000 to 3000 c.c. of normal saline subcutaneously 
every twenty-four hours until the period of danger is past. 

10. Morphin hypodermically until the respiratory rate is re- 
duced to from 10 to 14 per minute; hold to this rate until danger 
is past. 
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DON'T! 

Don't make multiple abdominal incisions. 

Don't provoke even the least needless disturbance of the 
protective mechanism against peritonitis. 

Don't break up protective adhesions beyond the slightest 
extent absolutely required. 

Don't try to move the bowels in the acute stage. The 
bowels know when it is safe to move, especially with a continuous 
Murphy drip. Use enemata, not cathartics, at the proper time. 

Don't hesitate to give enough morphin — the more serious the 
case, the more morphin will be required. 

Don't fail to note the hope expressed by the puhe of the mor- 
phinized patient as contrasted with the dry tongue and shrunken 
face and half-closed eyes, which are morphin phenomena, not 
peritonitis phenomena. 

Don't think of the morphin habit; it cannot occur in such 
usage. 

Don't continue morphin beyond the critical period — usually 

past in from one to four days. 
11 



CHAPTER IX 

ANOCIATION IN ACUTE AND CHRONIC APPENDICITIS 

In our series of 6495 cases of appendicitis we have encountered 
many strange circumstances. Perhaps no surgical disease . has 
such a repertoire of vagaries. We have found an acute appendix 
in a hernia; attached to the gall-bladder; in the left pelvis; in the 
left iliac fossa; with the tip near the spleen; attached to the stom- 
ach. We have mistaken appendicitis for cholecystitis, for duodenal 
or gastric ulcer, for stone in the ureter, for stone in the kidney, 
for salpingitis, for diverticulitis, (^hronic appendicitis has led 
to the suspicion of cancer; has been confused wnth neurasthenia 
and intestinal auto-intoxication. 

The vagaries of abscesses of the appendix are no less marked. 
We have seen them retroperitoneal, in the left pelvis, opposite 
the kidney, in the subgastric area, in the left iliac fossa, in the 
splenic area. We have seen these abscesses point into the various 
parts of the intestine, into the bladder, into the ureter. We have 
seen the tip of the appendix left in the bladder, having been carried 
in with the penetrating abscess and kept behind by the urethra. 
We have seen an abscess of the appendix point into the hip-joint 
and burrow down into the popliteal space. We have seen a slight 
local lesion with fatal bacteriemia. We have seen an abscess bur- 
row up and penetrate the diaphragm, the pleural cavity, and the 
lung, whence it was coughed up and the patient cured. 

If we wished to make a complete discussion of appendicitis it 
would be necessary to throw out a wide net to embrace its ver- 
satile manifestations. In this connection, however, we wish to 
consider especially only the every-day acute form, and shall 

discuss the average rather than the exceptional case. 
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First of all, we realize that the results secured by surgeons 
everywhere have improved, but our own results have been so 
completely changed by a certain grouping of methods that we 
shall make the factors, to meet which these methods were planned, 
the special subject of our discussion. The cause of death from 
appendicitis is infection — local, general, pylephlebitis, or bacteri- 

emia. A\Tiatever may have been accomplished in the treatment of 
other forms of infection, there has been found no successful method 
of attack against bacteriemia once it has become esUibllshed, Bac- 
teriemia and pylephlebitis are quite preventable y however. Since we 
have adopted and followed fully the plan outlined above we have 
performed 409 operations for acute appendicitis between deaths. 
This series is believed to be large enough to cover chance results. 

The adopted plan of treatment includes: 

(«) Elimination of the damage of the inhalation anesthetic 
and elimhiation of the etl'ect of surgical trauma. 

(6) Special precautions against the occurrence of secondary 
abscesses. 

{c) Prevention of pylephlebitis and bacteriemia. 

(rf) The anociated treatment of peritonitis as outlined in the 
preceding chapter. 

The anesthetic is always nitrous oxid-oxygen — never even short 
ether, never supplemental ether. It is best also to use a local 
anesthetic in the abdominal wall. 

Pylephlebitis.-- This serious complication has been well mastered 
by a simple, but fundamental change in treatment, viz., all surgical 
measures are withheld, and the patient is put under the dietetic 
and hygienic treatment for tuberculosis, so perfectly worked out 
by the internists. The patient is kept on a porch of the hospital 
as far as practicable, night and day, and nourishment is forced. 
Under this treatment there will rarely be a death. The time re- 
quired for convalescence is about twelve weeks. 
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Bacteriemia, — As we have said, the only method of dealing 
with bacteriemia is to prevent it by prompt eariy operation, by 
breaking up adhesions after vascularization. 

In acute appendicitis we direct that the patient be propped 
up in bed, in the ambulance, in transit to the operating-room, on 
the operating-table, en route from the operating-table to his bed, 
in bed until the danger of spreading infection is past. The patient 
sits up throughout the progress of the disease. 

In these acute cases the incision is always over the center of 
the most tender area, always intermuscular. The peritoneal 
cavity is approached with the utmost care. If the abscess is 
localized, the operation is ended when the abscess is opened and 
gently explored. If the pus is free, then, regardless of the position 
of the appendix, the cigarette drain is carried down to the left side 
of the pelvis; the drain is carried along the bottom of the right 
pelvis, continues along the parietal peritoneum, and comes out 
at the lower end of the McBumey incision. This leads the pus 
from the left as well as from the right pelvis up to the opening. 
The Fowler position drains all free pus down into the pelvis, the 
cigarette drain directs the pus out of the pelvis, out of the abdomen, 
hence there are no residual abscesses in this territory. If the ab- 
scess is in the right loin, drain directly; this drain is not disturbed 
until the entire abdomen has settled dowTi. The acutely inflamed 
appendix is picked up with the utmost gentleness, tied off near 
the cecum, and excised — no invagination — nothing more. The 
ceciun is left unmoved; it is not placed anywhere; it is allowed to 
stay where it is or to go its own way. 

If there is a walled-off abscess, then the abscess is cautiously 
opened at its center, wherever that center is — McBurney, left, 
median, hypochondriac, umbilical — the abscess is opened in the 
center of the mass, the center of the rigid area and of the tender 
area. The appendix is tied and cut off wherever it is found. 
The cecum is not looked for — is not moved. 
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The common cause of secondary abscesses, pylephlebitis, and 
bacteriemia is the opening up of absorption areas by the opera- 
tion. The more careful we are, therefore, the more completely we 
respect nature's defense, the fewer will be these complications. 

We have found that in the great majority of cases of acute 
appendicitis the appendix is removable. Othenvise after the pa- 
tient has recovered and the wound is healed — and such wounds 
soon heal because they have no complications — the appendix 
may be removed by a clean intermuscular incision. The second 
operation is not indicated if necrosed portions of the appendix 
come awav in the abscess. 
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The Pulse. 
Each heavy line represents the average 5 p. m. pulse-rate of 10 patients during the first four 

days after operation. 

Fig. 43. — Comparative Clinical Results of Consecutive Appendectohibs 
Performed under Ether Anesthesia, under Nitrous Oxid-oxygbn 
Alone, and under Complete Anociation. 

The value of anociation in the acute abdominal infections is 
most strikingly illustrated by a comparison of the pulse-rate during 
and after operations in cases of acute appendicitis. 

A study of 45 consecutive ether cases before the adoption of 
anociation showed an average increase of 8.4 beats in the pulse- 
rate in the first twenty-four hours after operation, and an average 
increase of 15 A beats during operation; while the 45 consecutive 
anociated cases studied showed a fall of 226 beats in the first tw^enty- 
four hours after operation, and a fall of 1,22 beats during operation 
(Fig. 43). 
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ANOCIATION IN OPERATIONS ON THE STOMACH 

The study of the OOO operations for lesions of the stomach 
in our combined records show that two prime factors determine 
the result of gastric operations: 

1. The state of partial starvation. 

2. The degree of debility produced by the toxins of cancer and 
by hemorrhage. 

Our researches have shown that starvation and advanced 
cancer produce marked intracellular changes in the brain (Fig. 
44), and it is a common experience that these two conditions are 
extremely unfavorable for surgical operations. Yet even in these 
states splendid results are secured by a strict adherence to the 
principles of anociation. 

The following are the cardinal points to be observ^ed in the 
anociated gastric operation: 

1. The general condition of the patient is improved prior to 
operation by the administration of large quantities of sodium 
bicarbonate and glucose (5 per cent, of each) by rectum; and if 
pyloric obstruction is marked, by the subcutaneous injection of 
much water. 

2. If there is marked anemia, give an adequate transfusion of 
blood. 

3. If the risk is extremely grave, use nitrous oxid-oxygen 
only to the extent of analgesia, and depend mainly on local anes- 
thesia. If the risk is fair, proceed as usual for abdominal opera- 
tions. 
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4. Make an ample incision so that the operation may be taken 
to the stomach; do not take the stomach out unless it will come 
out easily without being pulled. 

5. If there is a cancer-like mass, and the hazard is great, 
then at the first operation make only a gastro-enterostomy; 
otherwise, complete the operation in one stance. 

6. In case of a two-stage operation, the resection may be 
made after the nutritional balance is well established, usually 
in about a week. 

7. In the second operation not only will the resection be made 
with little disturbance, but as a result of the preliminary gastro- 
enterostomy there will be a strong mobilization of immune forces 
against infection in the operative field. 

8. In certain cases it is impossible to differentiate cancer 
from ulcer by the symptoms and history, by o'-ray examination, 
by palpation, even microscopically. Thus in 4 of our cases the 
entire mass that at the time of the first operation appeared to be 
cancer disappeared before the second operation, so that the re- 
section was not required. Had the entire operation been performed 
at the first stage not only would the hazard have been great, but 
a needless operation would have been performed. 

9. In cases of cancer we have found in the second stage 
of the operation that the rest provided by the preliminary gastro- 
enterostomy has reduced the size of the growth by diminishing 
the inflammatorv tissue. 

ft. 

10. In the resection, if adhesions are found, divide them with 
a sharp knife. Make all dissections with a sharp knife, 

11. Make a wide excision of the tumor. 

12. Use round needles for suturing the stomach. 

13. Avoid postoperative hemorrhage by using the cobbler 
stitch (Fig. 45). 

14. Tie the interrupted sutures lightly. 
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15. Should there be postoperative vomiting, use the stomach- 
tube promptly. 

16. I'sually less postoperative disturbance is caused by the 
second and larger operation than b\- the first. 

17. After the resection take especial precautions to keep the 
patient warm, and to keep up a good nutritional and water balance. 
The two-sta(ce operation gives splendid opportunity for this 




45. — The Cobbler Stitch. 



bet-ause the physiologic adjustment resulting from the gastro- 
enterostomy occurs before the resection is made. 
18. Convalescence is usually uneventful. 



DON'T! 

Don't give an acidosis-producing anesthetic to a patient on 
the verge of acidosis. 

Don't drag heavily on the stomach. 

DoTi't explore the abdomen after completing a gastrectomy. 
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Don't perform multiple operations in addition to the opera- 
tion on the stomach. 

Don't hesitate to make wide transverse incisions if the field 
of operation is not clear and convenient. 

Don't use silk in a gastro-enterostomy excepting for light inter- 
rupted sutures. 

Don't use cutting needles. 

Don't fail to make the anastomosis at the i)oint where the 
anastomosed viscera will lie in comfortable approximation. 

Don't make a long intestinal loop. 

Don't put a drain in contact with the line of sutures. 



CHAPTER XI 

ANOOATION IN OPERATIONS ON THE GALL-BLADDER 

AND DUCTS 

The value of anociation in gall-bladder operations is demon- 
strated by the reduction in the mortality and postoperative 
morbidity shown by a study of the 1213 operations on the gall- 
bladder and ducts which appear in our tables, 833 before and 
380 since the adoption of anociation. 

Cholecystectomy, Cholecystotomy.-^If the general condition 
of the patient does not contraindicate, cholecystectomy should 
be performed. If there is stricture of the cystic duct; if decubitus 
in the cystic duct or an ulcer has resulted from impacted stones; 
if the wall of the duct is inflamed; if the wall of the gall-bladder is 
thickened or infected; even if the gall-bladder appears normal but 
there has been a severe infection; if there is much gritty debris 
in the gall-bladder; in short, if any local condition exists which 
predisposes to gall-stones or infection, then cholecystectomy 
should be performed. 

The foUowing precautions, in addition to anociation, ensure 
a shockless operation : 

(a) Provide an absolutely free exposure of the operative field 
(1) by making the incision long enough, (2) by augmenting the 
primary incision when necessary by a right or left transverse 
incision. 

(6) If nitrous oxid-oxygen and local anesthesia alone do not 

give suflBcient relaxation for the development of the field, then 

supplement with sufficient ether, but only during the necessary 

period. 
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(c) Through finesse carry the dissection down to the gall- 
bladder, so that good technical opportunity will be afforded with- 
out the necessity for much damaging dragging and pulling and 
manipulation. 




Fio. 4«.— A Dev 



(d) As a rule begin at the fundus and make a sharp-knife dis- 
section of the gall-bladder from the liver all the way down to the 
cystic duct, keeping the field bloodless and anatomically clear. 

(c) Expose and tie the cystic arten,- by itself, not in an in- 
definite viass, bvt alone. 
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(f) \\Tien the cystic duct is exposed, it also should be tied in- 
dividuallv. 

(g) Drainage should be established in Morrison *s pouch; and 
if there Is no transverse incision, dependent drainage should be 
secured by a lateral opening opposite the bottom of Morrison's 
pouch. If there is a right transverse abdominal incision, drain 
through the external end of the incision (Fig. 46). 

(h) The abdominal incision should be closed accurately by 

inierrnpted giiiches. 

DOFTT! 

Don't invite difficulties by making too small an incision. 

Don't reach blindly down and grasp an indefinite mass of tis- 
sue, hoping the common duct is not included. 

Don't divide an unknown mass of tissue about the base of the 
liver with scissors, only hoping and not knoicing that no harm will 
be done. 

Don't strip the cystic duct and gall-bladder with gauze. 
This pnKluces shock and devitalizes tissue that must defend 
itself against infection. 

Don't strip the gall-bladder from the liver with gauze, as 
tears into the liver will be made. 

Don't })e in doubt as to the exact positions of the end of the 
gall-bladder and of the beginning of the cystic duct. These may 
always be disclosed by splitting the gall-bladder down to the 
cystic duct. If a small portion of the pathologic gall-bladder is 
left it may caus<» much later trouble. 

Don't drag heavily on either the liver or the gall-bladder. 

Don't fail to examine the common duct before proceeding to 
excise the gall-l)ladder. 

Don't explore the abdomen with infected gloves. 

Don't use force in exploring the cystic and common ducts wath 
II probe. 
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Don't do multiple operations at one seance if the risk is not 
good. 

Don't use a sharp-cutting needle in suturing the liver. 

Don't tie the stitches in the abdominal wall tightly. 

Don't forget that adhesions of the omentum and intestines are 
most easily and swiftly and bloodlessly severed by a sharp knife 
in conjunction with a clear white field. 
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Each heavy line represents the average 5 p. m. pulse-rate of 10 patients during the first four 

days after operation. 

Fig. 47. — Comparative Clinical Results of Con.secutive CHOLECYBTOft- 
TOMiEs Performed under Ether Anesthesia, under Nitrous Oxid- 

OXYGEN AU)NE, AND UNDER COMPLETE AnOCIATION. 



Don't use quinin and urea hydrochlorid unless the patient is a 
bad risk; but in a bad risk don't fail to inject large quantities far 
from the Hne of incision (Fig. 47). 



OPERATIONS ON THE COMMON DUCT 

Operations for stone in the common duct, even in the hands of 
the most experienced and exi)ert operators, yield a considerable 
mortality rate as compared with operations on the gall-bladder, on 
the pelvic organs, for exophthalmic goiter, for suppurative ap- 
pendicitis, etc. 

In the common <Juct operation no vital organ is involved, but 
merely a duct. Death cannot usually be attributed to the loss 
of bile or to infection of the peritoneum from bile, but is due to the 
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gradual development of an asthenic state characterized by dulness 
of the mental and muscular reactions, a dry tongue, partial suppres- 
sion of bile, anorexia, scanty urine — together with the impairment 
of the entire digestive system — a progressive ad;^Tianiic state which 
is extremely resistant to any known treatment. Happily not many 
common duct cases follow this course, but the severity of the 
postoperative symptoms is in proportion to the difficulty of the 
technic, which, in turn, depends upon the number of stones and 
their impactions and the difficulty of discovering even a small 
stone. One most impressive example of morbid development was 
in the case of a fairiy good risk patient whose entire conmion duct 
and a large part of the hepatic duct was impacted solidly with 
sixty-five stones. The task of extracting these was most diffi- 
cult, aijd though the patient went through the operation splen- 
didly, he died on the fifth day with the symptoms above men- 
tioned. Neither infection, nor hemorrhage, nor shock, nor ileus, 
nor pneumonia, nor urinary suppression were accountable. What 
then did cause death? 

This important question cannot at the moment be correctly 
answered, but the principal cause of death was quite certainly the 
trauma of the root of the liver. In conMnon duct cases the liver 
may be seriously impaired prior to operation. In such a handi- 
capped case the necessary manipulation may damage the liver 
still more, and as a result its function will be impaired sufficiently 
to cause death. 

The general operative technic is as follows: 

Ever}' adhesion is carefuUy divided by a sharp dissection, which 
is strictly confined to the white, bloodless line between the peri- 
toneum and the adhesion. No blood-vessel crosses this dead- 
white line. The whole line of dissection being bloodless, every 
tissue is accurately identified and little sponging is needed. The 
stones are laid bare by an ample longitudinal incision through the 
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duct wall, and are picked out without injuring the duct mucosa. 
After painstaking exploration of the entire duct lumen the duct is 
then closed with fine chromic gut on a French needle, just as wounds 
of the intestine are closed, provided, of course, that bile drainage 
through the amindla or the gall-bladder is assured. This point is 
established during the exploration. Drainage of the common 
duct is required if there has been a stone in the ampulla; if the 
duct mucosa has been injured so as to cause hemorrhage; if there 
is probability of postoperative closure of the duct by swelling; and 
finally, if, in the absence of these circumstances, there still is not a 
healthy gall-bladder to drain — and usually there is not. If 
drainage of the duct itself be not required, an iodoform drain is 
placed near, but not against, the line of sutures. As far as the 
operation alone is concerned, convalescence should be uneventful. 

DOPTTI 

Don't struggle with an insufficient abdominal exposure. 

Don't curet the common duct. 

Don't fear to make an adequate longitudinal incision into the 
common duct. 

Don't fail to use the finger as the means of exploration if the 
duct is greatly enlarged. We have seen the conunon duct en- 
larged to the size of the duodenum. 

Don't fail to make the transduodenal approach if a stone is 
solidly impacted in a mass in the ampulla. 

Don't forget that if the gall-bladder is pathologically destroyed 

and the common duct strictured between the entrance of the cystic 

duct and the ampulla that the duodenum may be mobilized and 

carried up to the hepatic duct, and the free end of the hepatic 

duct may be brought into the duodenum and held by sutures. 

This requires a transverse duodenostomy. 

Don't use an uphill drain through the abdominal incision, but 
12 
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insert the drain through the bottom of Alonison's pouch, clo»ng 
the abdominal incision ndth interrupted stitches. 

Don't tie the sutures tightly. 

Don't fail to give a 5 per cent, sodium bicarix)nate solution 
B-ith 5 per cent, glucose per rectum after operation. 
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PiO. 48. — Chart Showi.ng the Uneventful CLiNitAL Coursb attkr am 
Operation for Common Dtjct Stone Performed under Anociation. 



Don't fail to guard against pulmonary stasis. Turn the 
patient from side to side. 

Don't fail to use massive infiltrations with quinin and urea if 
the patient is feeble, for the loss of wound pain is a great gain. 

Don't use quinin and urea in good risks, because it causes 
marked local edema. 
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Don't use any more ether than is demanded — ether and chlo- 
roform damage liver cells. 

Don't forget to urge much water. 

Don't fail to drain the gall-bladder, and to close the common 
duct tightly, if the gall-bladder can be drained. 

Don't operate, if it can be avoided, in the presence of deep 
jaundice, chills, and high fever. 

Don't put drainage in contact with the sutures in the common 

duct (Fig. 48). 

ACUTE CHOLECYSTmS 

Cases of acute cholecystitis usually can be carried over the 
critical stage into a chronic stage, but when operation becomes 
necessary, in threatening acute cases, the following plan is strik- 
ingly successful: 

Under only nitrous oxid-oxygen and with local anesthesia 
the abdominal wall is divided over the very middle of the most 
tender, the most rigid area — not where the gall-bladder ana- 
tomically ought to be, but where the center of infection is. 

The peritoneum is opened most cautiously and an attempt made 
to divide it wholly and only within the area of adhesion. If ad- 
hesions extend down to the distended gall-bladder, they are sepa- 
rated with extreme caution until the gall-bladder wall is reached, 
so that an aspirating needle may be inserted; the adhesions are 
separated only sufficiently to meet the absolute requirements for 
the establishment of drainage. As soon as the gall-bladder is 
opened (we are now discussing a fulminant acute case) a tube is 
inserted and nothing more is done surgically. Around this tube 
a quantity of iodoform gauze is lightly packed, after which 
large pieces of gauze are inserted around all the sides of the short 
abdominal incision. No stitches are used provided the incision 
is short and the gauze packing adequate. As a result the infection 
collapses, and a rapid convalescence follows. After all the acute 
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symptoms have subsided, the temperature has remained long 
normal, and the patient in good condition for a sufficiently long 
period, then a cholecystectomy is performed. 

DOmi 

Don't prolong the operation one moment longer than is abso- 
lutely necessan' . 

Don't trj^ to widen the field of retraction. 

Don't manipulate an\i;hing. 

Don't remove the gall-bladder in the fulminant stage. 

Don't be in a hurry to perform a second operation. 

Don't use quinin and urea. 

Don't hesitate to give morphin. 

Don't fail to give much water, especially in the form of a 5 per 
cent, glucose and 5 per cent, sodium bicarbonate solution per 
rectum by the Murphy drip. 

Don't fail to apply vast njoist hot packs over all the dressings. 

CHRONIC EMPYEMA OF THE GALL-BLADDER 

Chronic empyema of the gall-bladder may cause degenerative 
changes in the heart, liver, and kidneys. In all cases the gall- 
bladder should be excised unless some urgent contraindication 
exists. If the gall-bladder is firmly distended, then aspirate be- 
fore excising, because the tense gall-bladder may rupture during 
operation; otherwise conduct the case as an ordinary cholecys- 
tectomy. 



CHAPTER XII 
ANOOATION IN OPERATIONS ON THE INTESTINES 

RESECTION OF THE INTESTINES 

Gangrene resulting from acute intestinal obstruction and the 
presence of cancer are the two conditions for the relief of which a 
resection of the intestines is most frequently indicated. Whatever 
the condition, the first step is an exploration for the purpose of 
planning the operation and developing the operative field. 

First an ample abdominal incision is made under complete 
local blocking with novocain for whatever condition may be found. 
The muscles of the abdominal wall will then be relaxed; the explora- 
tion will be facilitated ; and the use of gauze pads will be reduced 
to a minimum. 

The preliminary exploration will invariably cause a certain 
amount of trauma in the unblocked territory, especially in the 
presence of intestinal obstruction. In such a case enough ether 
should be added to the nitrous oxid-oxygen to ensure sufficient 
relaxation until the completion of the exploration and of the 
development of the operative field. If the general condition is 
poor, then a two-stage operation may be required. When re- 
section of the colon is indicated ]Moynihan's plan of dividing the 
peritoneal attachment is most useful, as this mobilizes the colon 
to a great degree, and permits easy handling with minimum 
manipulation. 

The following are especially important points to be observed 
in making a resection of the intestines: 

1. Use silk sutures. 

2. Use round needles. 
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3. If there is plenty of room, close the divided ends and make 
a lateral anastomosis. 

4. The second choice is end-to-side anastomosis. 

5. The last choice is end-to-end anastomosis. 

6. If anatomically feasible, protect the suture line with omentum. 

7. In very grave cases perform the operation in two stages. 
In the first stage merely bring out the tumor, cut it away between 
the clamps, and establish a lateral anastomosis by inserting 
forceps in each end; complete the operation in a second stage after 
physiologic balance has been established. 

8. Relief from obstruction is the first consideration. 

9. The newer methods of controlling infection will minimize 
that danger. 

HERNIOTOMY 

In herniotomy, as in all operations under anociatioUy every 
division of tissue supplied with noci-ceptors is preceded by the in- 
filtration of the part with novocain. The field of operation is kept 
free from blood by securing the few blood-vessels in the skin and 
subcutaneous tissues. The white glistening fascia has no blood- 
vessels, and its parallel strands may, therefore, be bloodlessly 
di\ided with a sharp knife. The under surface of the fascia has 
no vessels running through it at right angles, and the sharp- 
knife, bloodless dissection is, therefore, carried down to the glis- 
tening border of Poupart's ligament. In like manner the inner 
fascia is bloodlessly divided. The sac, hernia, and cord are thus 
exposed, and appear bloodless and translucent, but the bloodless 
dissection does not stop here even if the sac is old and has for a 
long time been irritated by a truss. The sac is picked up with 
forceps and is freed for a short distance with a sharp knife. It 
is then opened between two small Halstead hemostats and the 
forefinger is introduced, the sac being stretched over it like the 
finger of a glove. The true peritoneum contains no blood-vessels. 
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hence there is a white, bloodless line between it and its neighbors. 
Therefore, no matter how old, how large, or how adherent the sac 
may be, the knife can be passed all the way around it along this 
bloodless line. The blood-vessels are the key to this bloodless 
line of fusion between the sac and its environment, and the presence 
of the smallest blood-vessel will mean that some extraperitoneal 
tissue is still adherent to the sac. After dissection is well started 
the separation of the sac well within the internal ring will be 
easily accomplished if the assistant keeps the tissue taut by 
tension with small forceps. Not a single vessel below the sub- 
cutaneous veins needs to be tied; and the cord is not handled at 
all, the sac being sharply and precisely cut free from it. 

By this technic the sac is completely excised; the cord is un- 
injured; the testicle does not suffer at all, and no postoperative 
suspensory support will be required. As a result of the bloodless 
dissection the pillars are clearly visible, and their strength and 
value can be accurately estimated, so that intelligent use may be 
made of them in the repair. 

The procedures we have described apply particularly to opera- 
tions for the radical cure of inguinal hernia, but in umbilical and 
postoperati\'e hernia the need for sharp bloodless dissection is 

equally dear. 

DON'T I 

Don't tie sutures tightly; tight sutures become loose by cut- 
ting; loose sutures become tight by tissue swelling. 

Don't use blunt dissection; don't use gauze dissection; use 
only surgical instruments. 

Don't cut doubtful tissue; it may include the vas. 

Don't drag on the cord needlessly during operation. 

Don't fail to keep a constantly clear surgical field. 

Don't include any tissue but fat and muscle in closing the 
hernia. 
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RECTAL OPERATIONS 

In rectal operations one has a splendid opportunity to test the 
value of novocain infiltration. The divulsion of the sphincter ani 
causes strong reflex action; in particular it causes deep inspiration, 
and thus momentarily disturbs the established rate of inhalation 
of the anesthetic. In collapse from any cause it is a classic pro- 
cedure to make use of the vitalizing effect of sphincter dilation. 
If, however, novocain be infiltrated into the soft tissues around 
the anus, and the infiltrated area be then subjected to momentary 
pressure, then, under nitrous oxid-ox>^gen alone, the sphincter 
may be completely divulsed without any noticeable reaction. 

Postoperative discomfort is an almost invariable sequel to 
anal and rectal operation, especially when an anal tube is worn. 
This may be greatly diminished if th€ entire anal zone be blocked 
by quinin and urea hydrochlorid in 1 : 600 solution injected at a 
safe distance. Bloodgood states that the results of quinin and 
urea infiltration "in its elimination of postoperative pain are seen 
chieflv in rectal work." 



CHAPTER XIII 

ANOOATION IN OPERATIONS FOR CANCER OF THE 

RECTUM AND COLON 

Resection of the rectum and lower colon has always been and 
is still a formidable operation; nevertheless, as is showTi by our 
records, the mortality has been reduced 50 per cent., not by less 
radical procedures, but as a result of improved methods, even 
with a more radical operation. 

Analysis of the Factors of Danger, — (a) Cancer originates chem- 
ical poisons which impair the body as a whole. 

(6) If a partial obstruction exists, it interferes with metab- 
olism (1) by the absorption of the intestinal toxins; (2) by inter- 
ference with digestion — i. e., with bodily vigor. 

(c) A frequent source of danger is anemia from occult or frank 
hemorrhage, and from the hemohlic action of the cancer. 

(d) Usually the patient has been the subject of a devastating 
worry. 

(e) As a rule cancer does not attack the young adult, but occurs 
rather at the period of life when the normal wear and tear has 
taken from the patient some of the elements of safety. 

(/) Postoperative infection is an ever-present danger. 

The Plan of Attack. — While we cannot turn back the wheels 

of time nor counteract the chemical poisons of the cancer, nor give 

an antidote for the ravages of worry and the damage of fear, we 

can replace lost blood; we can increase the nutritional balance; 

we can improve the intracellular metabolism; and we can minimize 

those factors in the operation which have the same effect on the 
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brain cells as cancer toxins, as intestinal toxins, as worry, as 
anemia. That is, we can avoid traumatic shock; we can avoid 
needless pulling on the intestines; we can avoid hemorrhage; 
we can avoid needless irritation of the peritoneum; we can min- 
imize the gloomy outlook of the patient; we can avoid postopera- 
tive infection in certain cases by a two-stage operation; we can 
avoid the dread of the second seance by making the first one 
relatively comfortable. By adapting our methods to meet these 
factors of demonstrated importance we have been able to make 
the great reduction in our mortahty rate. 

Cancer of the Rectum, — For the patient with cancer of the 
rectum the paramount question or at least the question next in 
urgency to the possibility of a permanent cure is: Where shall the 
artificial anus be placed? 

We have tried many plans, and have concluded that the Little- 
wood or high lateral position is perhaps the best, since this pro\4des 
accessibility and a good opportunity for control. 

The two-stage operation is performed in all cases in which an 
artificial anus is to be made. In the first operation under anocia- 
tion, the incision is so placed as to allow complete information re- 
garding the local extent and also the dissemination of the cancer 
to other parts, especially to the liver. If the case is operable, a 
Littlewood artificial anus is made, and the operative field is sur- 
rounded with gauze lightly impregnated with iodoform. These 
procedures involve a light and a short operation. After the 
physiologic action of the artificial anus is established and the 
patient's condition is satisfactory, usually within four days, 
then the excision of the cancer is made. Since the first 
operation, usually under analgesia, has caused but little dis- 
turbance, the patient looks forward to the second with relative 
equanimity. 

The surgeon, too, may anticipate the second stage with equa- 
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nimity because of the many safeguards he is able to offer, prin- 
cipal among which are the following: 

1. The gauze packing, which mobilizes a strong defense against 
infection. 

2. The improved methods of combating infection and pro- 
moting the healing of wounds which have been evolved in war 
surgery. 

3. The control of shock. 

4. The established, functioning anus, by which the new wound 
is completely protected from feces. 

5. The continued, unhampered nutrition. 

6. The resort to blood transfusion if anemia, or exhaustion, or 
hemorrhage wears down too much the resistance of the patient. 

7. The promotion of the welfare of these cases of tardy repair 
by a dietetic and hygienic regimen similar to that for tuberculosis 
— forced feeding and fresh air in abundance. 

Artificial Anus. — There has probably never been a better and 
more practical plan presented for the management of artificial 
anus than that described by Dr. W. W. Keen, as follows:^ 

"In my later operations I have always made a preliminary 
colostomy by MaydFs method. At the end of about a w^eek I 
have excised all of the protruding portion of the bow^l, leaving a 
permanent artificial anus. The advantages of this are, first, that 
before the operation one can empty the upper bowel completely, 
and disinfect the lower bowel partly through the natural and 
partly through the artificial anus. In the paper already alluded 
to- 1 have sho^\^l the impossibility of disinfecting or even of unload- 
ing the bowel prior to amputation of the rectum, even after days 
or weeks of effort. An abdominal artificial anus is verv much 
more under control, and can be cleansed verv much better than a 
sacral anus. One can wear a belt or girdle as tight as is necessary, 
both to prevent undue protrusion and to prevent the escape of 

^ Journal of the American Medical Association, August 13, 1898. 
* Therapeutic Gazette, 1897. 
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the feces. Most of the cases with such an artificial anus have 
the bowel emptied spontaneously once or, more commonly, twice 
a day, and at almost as regular hours as by the normal rectum. 
Of course when there is diarrhea no control over the evacuation 
remains, but by means of a suitable dressing the contents of the 
colon, as they escape, are caught and are prevented from becoming 
a source of annoyance to the patient or those about him. 

"In the last two cases upon which I have operated I have taken 
a further step which I think is a distinct improvement in rectal 
surgen% namely: after amputation of the rectum I have completely 
closed the sacral end of the rectum, just as one closes the end of 
the intestine before making a lateral anastomosis. The first 
advantage of this is that if the closure is a success, neither fecal 
matter nor infected mucus can reach the wound, and we are much 
more likely to obtain primary union, which greatly lessens the 
danger to life. Second, as the perineal wound is entirely closed, no 
escape of either feces or mucus occurs after recovery and the 
patient is relieved of the necessity of wearing a napkin. Third, 
for the same reasons, we avoid any prolapse." 

RESECTION OF THE SIGMOID WITH PRESERVATION OF THE 

SPHINCTER ANI 

If the risk is not good, resection of the sigmoid is preceded by 
a Littlewood colostomy. The advantages of the two-stage opera- 
tion in these cases are: (a) the greater certainty with which the 
intestinal anastomosis will heal properly when no feces pass over 
it as compared with those cases in which during the period of 
healing the anastomosis is continually irritated by the passage of 
gas and feces; (6) when a functioning artificial anus has been es- 
tablished in advance of the anastomosis, nutrition need not be 
interrupted. If there is no previous colostomy, unless the sutures 
hold, all is lost; and in the absence of an artificial anus, phys- 
iologic rest is demanded if the sutures are to have their greatest 
chance of holding. Physiologic rest means not only the with- 
holding of food but also the binding of the bowels. Therefore 
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auto-intoxication is added to starvation, and both are added to 
the burden of an extremely grave operation. 

SPECIAL TECHNICAL POINTS 
In addition to the general plans which contribute to the broader 
welfare of the patient, as outlined above, the following special 
technical points may be mentioned: 

1. Utilize Moynihan's method for freeing the peritoneal at- 
tachment along the external border of the colon; this frees and 
mobilizes the colon remarkably. 

2. Always separate the tissue that holds the colon by sharp 
dissection, avoiding the blood-vessels. 

3. Catch and tie the large blood-vessels. 

4. These precautions will obviate any necessity for damaging 
dragging and puUmg manipulations. 

5. In suturing, make assurance doubly sure by using the cob- 
bler stitch; this provides not only a hemostatic and fluid-tight 
union, but also it is the strongest stitch known (see Fig. 45). 

6. If there is plenty of omentum, cover the suture line with it. 

7. In dividing the intestine, use the cautery as far as possible. 

DON'T! 

Don't perform multiple operations at one seance, but rather 
"divide and conquer.*' 

Don't make end-to-end anastomoses in the large intestine 
unless there is no opportunity for lateral or end-to-side anasto- 
moses. 

Don't use cutting needles. 

Don't leave stitches under tension. 

Don't tie stitches too tightly — they will cut. 

Don't explore after making the resection. 

Don't do dressings in a painful manner. The early dress- 
ings of a Kraske may well be done under analgesia. 
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Don't fail to pass the hand over the liver after finding that 
the growth in the colon is locally removable. 

Don't think of the liver or any other part of the abdomen 
if the cancer is locally inoperable. Consider only the patient. 
Purely pathologic observatioTis are reserved for the pathologist. 

Don't forget that postoperative pain and distress is in pro- 
portion to the injury to the peritoneum. 



CHAPTER XIV 
ANOCIATION IN GYNECOLOGIC OPERATIONS 

The removal of benign tumors, except those wedged in the 
pelvis, may be accomplished under complete anociation as follows: 
The tumor is fully exposed through an ample incision in the novo- 
cainized abdominal wall. As the opening has been made under 
anociation, no traumatic impulse has reached the brain, and the 
muscles are, therefore, relaxed, so that almost no retraction 
will be required; and no gauze pads will be required to prevent 
the expulsion of the intestines, which the force of gravity will 
hold within the abdomen. 

If the tumor is ovarian and is large and if there are adhesions 
in the accessible field, these are divided within the narrow, white 
bloodless line on the peritoneal surface of the tumor by a knife 
with a keen edge. However old or firm the adhesion may be, 
no blood-vessel will cross this dead-white line. This line of 
division may be kept straight and its breadth increased if an 
assistant make steady tension with a large piece of gauze. This 
tension need not — invst not — be sufficient to excite nocuous 
impulses, but should be sufficient to facilitate the sharp division 
of this white line of fusion between the tumor and the parietal or 
intestinal peritoneum. This feather-edge division can be made 
in a much shorter time than can a rough bloody separation, es- 
pecially since it eliminates the time required by the latter method 
for hemostasis. It is surprising to what a depth the sharp dis- 
section may be carried within the pelvis. Even beyond the reach 
of the knife, however, the advantage of this technic becomes 

obvious, for the exact cleavage line being established, as a rule, 
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the remainder of the tumor — bluntly, but with finesse — may 
readily be separated with the wet gloved hand. 

The principle of anociation obviously demands that the body 
of the tumor itself shall not be delivered by assault, but by strategy 
— by coaxing pressure and lifting. Almost any tumor, except 
those molded into the pelvis in the course of their growth, can be 
delivered without tightening of the abdominal muscles, without 
disturbing the even curve of the respiratory excursion. 

Clamp compression alone, without novocainization, would 
cause relatively slight response. The common error at this point, 
in the language of golf, is that of "pressing"; that is, the operator 
is so anxious to get the tumor out that he handles it needlessly 
and harmfully. As a consequence, the patient awakes locally 
and makes a mute but serious protest against the injury. 

The authors have never seen any evidence of nociceptors for 
sharp-knife cutting in the body of a tumor or in the normal uterus. 
The principal thing to avoid is too much pulling. 

In a hysterectomy one is apt to suture too much tissue and to 
tie it too tightly. Ochsner long ago called attention to this point, 
and Bartlett has shown that precision in vascular control requires 
that accurate attention be given to the main vascular trunks, 
after which the remainder of the wound mav be closed as one 
closes an external wound. 

John G. Clark demonstrated how practical vascular control 
without excessive suturing may be secured in myomectomy. In 
this phase of the operation the surgical rule, that gentle accuracy 
should be employed rather than needless force, is especially ap- 
plicable. 

By means of Kelly's curved needle, Franklin Martin's long 
dissecting forceps, the Andrews needle-holder, and long flexible 
retractors any part of the pelvis may be sutured with accuracy 
and dispatch in the field relaxed under aiiociation. 
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In cases of chronic gonorrheal salpingitis, with or without 
tubal abscess, sharp-knife dissection gives ready access to the pre- 
cise cleavage line. Beginning at the most accessible point, the 
adhesions are divided as far as possible by sharp dissection. The 
adhesions mav be so thick and their fusion with the intestinal coils 
so firm as to occasion a good deal of difficulty, but usually at some 
point the tubo-intestinal cleavage line will be reached, after which 
the separation will be readily made. 

Bv arwciation one mav deal readilv even with those cases in 
which the fundus uteri is well up in the pelvis, the proximal end 
of the tube being thickened, but not seriously involved, while at 
the distal end the fimbriated extremity has grasped the ovary and 
is pouring into it its infection, causing tubo-ovarian abscess. 

With a sharp knife the diseased tube is freed from the uterus 
by means of a V-shaped cut, the bleeding points being caught with 
a Kelly needle and plain catgut in an interlocking suture lightly 
tied. The tube extends down into the pelvis like an inverted 
pyramid; its attachments may be divided with ease, and filially 
the pus tube may be lifted out. 

In case of a double tubo-ovarian abscess a part of one or of 
both ovaries and any uninfected portion of the ovarian attach- 
ments are preserved. Division of the ovary does not cause the 
slightest pain. 

If the uterus be down in the pelvis, with the tubes and ovaries 
above it, it will be found that the abscesses extend well downward 
toward the fundus uteri. In such a case the ovaries usuallv fare 
better and the uterus worse. The latter may be enlarged, edema- 
tous, heavy, and infected. In many such cases it is necessary to 
remove a portion of the uterus and the tubes en masse. Here 
anociaiion is best attained by taking the operation to the field rather 
than by dragging the organs up to the level most convenient for 

the surgeon. In an adequate, relaxed field, by strategic maneuvers, 
13 
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the uterus and tubes may be divided by a sharp knife — the sharj)- 
knife division causing not a single break in the respiratory rh\'thm. 



JBeat5. 


10 


W 


90 


100 


110 


no 




Ether. 












NaO. 










Anoci, 















The Pul»€. 
Each heavy line represents the average 5 p. m. pulso-rato of 10 patients during the first four 

days after operation. 

Fig. 49. — Comparative Clinical Results of Consecutive Abdominal 
Hysterectomies Performed under Ether Anesthesia, x:nder 
Nitrous Oxid-oxygen Alone, and under Complete Anociation. 



In the Coffey operation for suspension of the uterus, which we 
usually employ, the broad and the round ligaments may in cer- 
tain cases be blocked (Fig. 49). 



CHAPTER XV 
ANOCIATION m GENITO-URINARY OPERATIONS 

The principles described in their relation to operations upon 
other organs apply with especial force to operations upon the uro- 
genital organs, and genito-urinary operations under anociation 
show markedly better results than those performed without this 

protection. 

BLADDER 

The urinary bladder is an extremely sensitive organ, and if it 
is excessively or roughly handled, marked shock is produced. In 
many of the conditions of this organ which necessitate surgical 
intervention, such as the presence of foreign bodies, tumors, diver- 
ticula, etc., there is nearly always an accompanying infection of the 
entire urhiarv tract, with reduced functional activitv of the kid- 
neys. Therefore, the greatest care must be taken not to add to 
the handicap of these patients by an improper operative procedure. 
Moreover, pathologic conditions of the urinary bladder often oc- 
cur in persons past middle life, whose ability to withstand trauma- 
tism has been reduced. In many cases, also, the local condition 
is of long standhig, and the patient is much exhausted from the 
prolonged suffering and irritation. 

In operations upon the bladder the first step is to cleanse the 
bladder thoroughly with a mild antiseptic. If the bladder is 
very sensitive a solution of 1 per cent, alypin or of 2 per cent, 
novocain is introduced through a catheter, the solution being re- 
tained in the bladder by clamping the catheter. Then, under 

nitrous oxid-oxygen anesthesia, the skin, subcutaneous tissues, 
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and muscles are infiltrated with novocain (Fig. 60). After the 
incision has been made the bladder is brought up into the wound 
by gentle traction with a pair of bladder hooks, and the line of 
incision through the bladder wall is completely blocked (Fig. 51). 
The bladder is then emptied by releasing the clamp on the catheter. 
The combination of the infiltration of the bladder wall, with the 
preoperative injection of alypin or novocain, \^t11 so completely 
anesthetize all areas of the bladder that the manipulations of 
operations for stone, for tumor, or even for diverticula may be 
carried through without the slightest nerve-muscular response on 
the part of the patient. 

PROSTATE 

An especially urgent indication for the application of the prin- 
ciples of anociatixm is presented by the patient for whose relief a 
prostatectomy is required. These patients generally present the 
combination of old age, infection, diseased kidneys, weakened heart 
and blood-vessels, and the usual depletion of resistance which must 
result from such a combination. In other words, these patients are 
extremely handicapped. Yet in no series of patients has the per- 
centage of improved results under anociation been proportionately 
greater than among these. 

The special sources of danger in prostatectomy are the anes- 
thetic, shock, and hemorrhage. As a result of many efforts to 
diminish these dangers the following method has been evolved by 
means of which the operation may be performed without hesi- 
tancy upon such patients as are described above, who, because 
of their age or because of diminished vitality, have been considered 
bad operative risks. Patients who undergo a prostatectomy per- 
formed bv this technic are not onlv free from shock, but are in 
splendid condition after the operation to combat any other un- 
toward influence that may arise during convalescence. 
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Fig. 50. — Bladder Operations: iNriLTBAi 
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Fig. 52. — Prostatectomt: Intravesical Exposure oc the Phohtate. 
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As in bladder operations, the preliminary dose of morphin 
and scopolamin is followed by the injection through a catheter into 
the bladder of 60 or 90 c.c. of a solution of 1 per cent, alj^pin or 
2 per cent, novocain. The catheter is clamped and allowed to 
remain. The technic described for bladder operations is fol- 
lowed until the prostate is exposed intravesically (Fig. 52). The 
bladder mucosa of the projecting prostate is infiltrated with novo- 
cain, and a deep infiltration is made along the edge of the capsule 
(Fig. 53). With careful and most gentle vianijmlations the prostate 
is enucleated xcith the finger (Fig. 54). Not ^'hoxc rapidly,^' but 
''hoxc carefully' is the slogan. Narrow strips of gauze are packed 
around the catheter above the mucous membrane so that the raw 
surfaces of the capsule are brought in apposition — a procedure 
which effectively prevents hemorrhage (Fig. 55). The two ends 
of the urethra also are brought closely together by this means, 
so that a continuous funnel-shaped mucous membrane results — 
a most important factor. 

At the close of the operation the color of the patient will be 
good ; the pulse and respiration will not be increased ; in fact, may 
be even lower than before the operation. The patient will rest 
comfortably, will be free from nausea, can take water easily, and 
a speedy, uninterrupted convalescence may be anticipated. 

KTONEY 

The approach to the kidney is through tissues which, in 
their evolutionary development, have not been subjected to 
environmental trauma; consequently they are not so richly 
endowed with nociceptors as are the tissues of the anterior 
abdominal wall. There are, however, a sufficient number of 
nociceptors in the skin and muscles to make their infiltration 
advisable. 

Parts of a kidney operation in which the anoci technic is ur- 
14 
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gently demanded, however, are the separation of the adherent 
kidney from its attachments and its delivery into the wound. 

The first and most important requirement in an operation upon 
the kidney is an ample incision. An ample incision with the mus- 
cular relaxation obtained through anociaiion makes clearly visible 
the lines of adhesion. The adhesions should be divided by sharp 
dissection until the line of cleavage is reached. In the case of a 
suppurating kidney the line of easy cleavage is on the posterior 
surface of the kidney itself underneath the thickened capsule. 
In a tuberculous kidney, however, the separation must be made 
outside the capsule in order that the wound may not be infected 
with tubercle bacilli. Old tuberculous kidneys present dense and 
strong adhesions, most of which, however, may be readily divided 
by sharp-knife dissection. 

The easier kidney operations on good risk subjects are relatively 
safe by even the most nocuous technic; but the protection of 
anociation is urgently needed by the patient reduced by hemorrhage 
or infection, or by a patient the functional power of whose kidney 
has been perilously reduced by any cause. 

GENERAL PODTTS TO BE OBSERVED IN GENTTO-URINARY 

OPERATIONS 

1. Always use nitrous oxid-oxygen as the inhalation anesthetic. 

2. Make ample incisions to avoid traction. 

3. Use local anesthesia freely in bladder operations. 

4. Close bladder by sutures whenever possible except in pros- 
tatectomies. 

5. When possible, drain bladder through an in-lying catheter. 

6. Keep patients in sitting position in bed as much as possible 
after operation. 

7. Give plenty of fluids, fresh air, and nourishing food. 

8. Always consider the patient as a whole, and not his local 
lesion onlv. 
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DON'T! 

Don't operate against time; one minute of rough handling 
may kill the patient. 

Don't divide renal vessels before they are securely clamped. 

Don't wait, if there be much oozing, to see if the patient will 
be affected by it; when that stage has been demonstrated, it will 
generally be too late for remedy. 

Don't operate on the genito-urinary tract before the kidney 
function has been demonstrated. 



CHAPTER XVI 

ANOCIATION IN THE TREATMENT OF EXOPHTHALMIC 

GOITER 

Every one will agree that a technic that can carry a case of 
advanced exophthalmic goiter through an operation without in- 
creasing the pulse-rate can all the more readily do as much in any 
other operation. It was in large measure the study of the pre- 
operative and postoperative course of cases of exophthalmic goiter 
which led to the development of the shockless operation in gen- 
eral surgery. 

A searching inquiry' into the past history- of a patient with ex- 
ophthalmic goiter will frequently elicit the fact that he has under- 
gone some emotional experience, often so deeply disturbing in 
its nature that it has become a dominant emotional stimulant, 
absorbing attention during the day and disturbing sleep at night. 
The constant recurrence of this damaging stimulus is attended by 
an increase of all the emotional phenomena, so that gradually a 
state is reached in which the effects of the constantly present stim- 
ulus remain unchanged. The eyes protrude; the body trembles; 
the facies of anxiety is present; the thyroid is permanently en- 
larged; the entire emotional mechanism is involved (Fig. 56). 

In such a state any excitation which might produce slight ap- 
prehension in a normal individual becomes an overwhelming 
stimulus. In patients with exophthalmic goiter the mere proposal 
that an operation be p)erformed becomes a pathologic excitation 
which may so increase the disease that the patient is even less 
able than before to make up his mind to submit to adequate 

treatment. On all sides the patient is beset by vicious circles, 
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Fig. ,5rt.— Tvpipai. C.*kf, of Exophthalmic Goiteh Showim; Chai 
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by pathologic interactions. The ideal plan of approach, therefore, 
is to assure the patient that his malady is curable; that treatment 
can best be administered in a hospital ; that non-operative measures 
will first be tried, but that if they prove inadequate, a simple 
operation will be performed; that it will be best to leave the final 
decision as to the advisability of an operation to the medical ad- 
viser; and that, since even the discussion of an operation is both un- 
pleasant and injurious, it will be best not to open the subject again. 

If the patient, as is usually the case, consents to leave the 
whole matter to the judgment of the physician, the way is opened 
for the most effective treatment which in our judgment has ever 
been proposed for exophthalmic goiter; that is, ligation or excision 
under the protection of anociation. 

For several days the anesthetist with the paraphernalia for the 
administration of nitrous oxid-oxygen administers to the patient 
'^inhalation treatments.'* On the morning of the operation, which 
is performed in one of the favorable cycles of the disease, the 
hypodermic injection contains morphin and scopolamin; nitrous 
oxid is added to the oxygen ^'inhalation," and the patient falls 
asleep in bed without realizing that the first step in the operation 
is being taken. The anesthetized patient is transported to the 
operating-room, where the operative field is prepared. In the 
operation itself each division of tissue is preceded by the infiltra- 
tion of novocain (Figs. 57, 58), and sharp dissection and gentle 
manipulations are employed throughout. In grave cases quinin 
and urea hydrochlorid may be injected into every part of the 
operative field before the wound is closed, though the need for 
this protection may be neutralized by the employment of a technic 
so gentle and strategic that a minimum amount of trauma is 
caused. 

The patient is kept under anesthesia until he has returned to 
his room, which has been restored to its condition when the ad- 
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ministration of the anesthetic was started. In the course of the 
cj'cle from his room to the operating-room and to his return the 
patient's brain has received no activating stimuli, and no record 
of the operation has been WTitten upon either the conscious or the 
subconscious brain. 




Fig. 58. — Thyroidectomy: Infiltbation op Muscle Before Divis 



By this technic the scope of the operation is greatly increased, 
and the thyroid can be resected in any patient whose condi- 
tion can endure the metabolic influence of the withdrawal of so 
much acti^■e gland tissue. In cases in which the excision of a 
lobe is contraindicated it is best to ligate one or both poles, ex- 
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cising the lobe later, if it is necessary. Ligation is performed 
without removing the patient from his bed. Nitrous oxid-oxygen 
maj' or may not be administered, but the brain is always protected 
by a complete novocain infiltration. 

As for the technic of the excision itself the transverse incision 
should be sufficiently ample to expose the gland to its lateral border 
{Fig. 5S), The important part of the dissection may thus be in 
full view without more than nominal retraction of the muscle. 
The operation should I)e so bloodless throughout that the h-m- 
phatie vessels can be e\■erJ^vhere seen and identified. This may 
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be accomplislie<l if crery blooil-cessel is tlivided beliriri) rlamixi 
(Fig, 59)- The field will then alwajs be completely \isible, and 
being thus controlled, the dissection is carried entirely on the cap- 
sule itself to the point at which the gland is to be divided. We 
follow the plan of C. H. Mayo in lea^"ing a small margin of gland 
adjacent to the larynx. The hoarse voice which usefl to be a fre- 
quent sequel to thyroidectomy' has been largely eliminated by 
always picking up tissue parallel to the larynx and trachea, and 
verer at right angles to them. If the Halsted forceps are applied 
parallel with and closely against the capsule of the gentl\- retracted 
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gland, no paralysis of the vocal cord will follow, while the para- 
thyroid will rarely if ever be endangered, nor will its blood-supply 
be disturbed. 

The surgeon also must protect himself from a certain psychic 
phase which is apt to develop in diflScult goiter operations, and 
which corresponds to the "break" of the pointer dog when he 
"rushes the covey." As the surgeon follows a trying and teasing 
path around a baffling lower border where now and then a small 
vein is opened and momentarily veils the field, he will again and 
again be tempted to rush the operation, thus losing his technical 
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Fig. 60.— Comparative Clinical Results of Consecutive Thyroidec- 
tomies Performed under Ether, under Nitrous Oxid-oxygen Alone, 

AND UNDER COMPLETE AnOCicUion, 



control of the field. To yield to this temptation is to court 
trouble. 

The benefits of the operation do not end with the immediate 
results. The postoperative reaction is prevented or minimized, 
and the later clinical results are relatively as much improved as 
is the immediate postoperative condition (Figs. 60, 61). 

The evolution in our clinic of the described plan for the surgi- 
cal treatment of exophthalmic goiter — the trials and errors with 
their narrow escapes, the progress and the unexpected failures, 
the hopes and the disappointments, the constant search in the 
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laboratory for help, the search for analogies in other diseases and 
operations — may be summed up in the following brief account: 

In our first experience with operations for exophthalmic goiter, 
performed according to routine methods, which included the trans- 
portation of the conscious patient to the operating-room, ether 
anesthesia, no protecting local anesthesia, a violent reaction al- 
ways occurred as the day and hour of the operation approached, 
which was augmented by the transportation to the operating-room 
and the administration of the anesthetic, and continued through- 
out the operation and far into the postoperative period. All these 
unfavorable factors j-ielded a forbidding mortality. At that time 
we believed Kocher's dictum, that the violent reaction was due to 
the absorption of thjToid secretion. Every preventive device 
was tried, we even kept the wound open and packed with gauze; 
we cauterized the raw surfaces; but the results were not improved. 

One day a patient became delirious on her arrival in the anes- 
thetizing room. She was returned to her room without operation, 
but a typical violent reaction, the so-called "hyperth^Toidism,*' 
developed. Her temperature rose to 109° F., her pulse to over 
200 before her death, which occurred in six hours. This experience 
and the commonly noted strong resemblance of the gross phe- 
nomena of so-called "hj'perthyroidism'' to the phenomena of 
fear suggested the following question: If this violent reaction, 
which was identical with those following operation, was a "hyper- 
thvroidism,'' then was the increased thvroid secretion in this 
unfortunate patient caused by fear? To find an answer we under- 
took an experimental research on fear in animals in which we 
found that fear produced the characteristic changes of activation 
and exhaustion in the cells of the brain, the liver, and the adrenals. 
If, as these results suggested, the "hyperthyroidism'' was caused 
by fear, then the avoidance of fear should at least diminish opera- 
tive '^hyperthyroidism." We therefore evolved the plan of 
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''fictitious anesthesia'* described above, by which the operation, 
of course, is performed with the full consent of the patient, but 
without her knowledge of the exact time. 

Our operative results were at once markedly improved, but 
soon it was evident that the patient under general anesthesia, 
but without local anesthetic protection, responded to every sur- 
gical contact. At about this time we had found in the laboratory 
that local anesthesia prevented surgical shock. If, as our operative 
experience indicated, the cause of surgical shock is identical with 
the cause of so-called postoperative "hyperthyroidism," then the 
complete blocking of the entire operative field by local anesthesia, 
thus cutting off the brain from communication with every surgical 
contact with sensitive tissue, in addition to the complete eUmina- 
tion of fear and worry, should result in an operation free from 
"hyperth>Toidism." 

Strikingly good results were secured at once by the application 
of these conclusions. The elimination of the psychic and the 
traumatic factors greatly reduced the mortality rate — from about 
5 to 1. 

We then argued that if exophthalmic goiter is due to excessive 
thyroid activity and to nothing else, and if enough of the thyroid 
tissue is removed, then whv should there be anv mortalitv? Whv 
should the patient go through the operation unmoved, and then 
on the second dav after show a livelv reaction, occasionallv even 
die? Instead of complete control, some adverse factor still re- 
mained. The three remaining possible sources of trouble were 
the anestheticy the pain of the ivmind, and tlie sudden removal of 
so much thyroid tissue. 

Wound Pain, — To eliminate the wound pain after the thyroid 
was removed we blocked the entire wound with quinin and urea 
hydroehlorid, thus causing a local anesthesia for from four to six 
days. This resulted in immediate improvement. To be sure, 
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although the pain was dulled, the neck was uncomfortable and 
stiff, and the quinin caused a marked edema of the tissue and oc- 
casionally interfered \\dth healing. But an edematous wound with 
decreased comfort was to be preferred to the factor of pain which 
might contribute to a fatal issue. 

What relation has the remoml of a gland with as great physiologic 
power as the thyroid to the delayed reactionf Does its removal 
result in an unbalanced metabolism^ That this is the case became 
apparent in the postoperative course of patients who underwent 
a marked reaction on the day after operation m spite of the fact 
that the operation had been performed under such complete 
anociation that there was not a change in the pulse-beat and no 
postoperative pain. We are now speaking only of desperate 
risks, cases that under our former operative technic would never 
have seen a second day. All ordinary risks made easy recoveries. 

It w^as apparent that a part, at least, of this delayed reaction 
was due to the too abrupt removal of thjToid tissue. We followed 
this lead by dividing the operation into multiple stages. We 
first ligated one artery; then the second, and followed by a period 
of rest. We then excised a portion of one lobe, and in a final 
stage the entire opposite lobe. This strategic division of the at- 
tack still further improved the results in the desperate cases. In 
addition, we tried the effect of the administration of thyroid ex- 
tract from twelve to twenty-four hours before the thyToidectomy. 
This apparently has contributed to the improved results. We 
have kept constantly in mind that the surgical problem of exoph- 
thalmic goiter must be regarded as unsolved until we can operate 
safely on every case in which the process of dissolution is not actu- 
ally in progress at the time of operation. 

The Anesthetic, — Coincident with our other investigations we 
were studying the anesthetic factor. Our researches resulted in 
the substitution of nitrous oxid-oxygen for ether, with greatly 
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improved lesults; but there still remained an unexplained factor 
in connection with the anesthetic. Our consideration of this 
problem disclosed a most interesting analogy. Clinical analysis 
discloses the presence of an acidosis in the state of "hyperthy- 
roidism" — severe acidosis that increases as death approaches. 
Observation of the likeness of the phenomena of inhalation anes- 
thesia to the phenomena of acidosis suggested the laboratory 
study of the H-ion concentration of the blood in inhalation anes- 
thesia which has been described in a preceeding chapter. These 
findings — that acidosis was always present in inhalation an- 
esthesia; that the acidosis produced by ether was more pro- 
longed than that produced by nitrous oxid ; that the acidosis was 
proportionate to the depth of anesthesia ; and that when the normal 
alkali-acid balance was reversed — that is, when the blood lost its 
alkalinity and became acid — death occurred — betrayed the 
source of danger in the anesthetic factor in the treatment of 
this exquisitely sensitive disease. It showed that the acidosis 
of the anesthetic added to the acidosis of the disease might push 
the desperate case across the already narrow margin of safety. 
This meant that in a grave risk the depth and the length of an- 
esthesia must be lessened. We therefore adopted what has 
proved to be one of the most beneficent as well as one of the most 
interesting developments in the progress of the surgical treatment 
of exophthalmic goiter — nitrous oxid-oxygen analgesia. Analgesia 
causes no acidosis whatever. Analgesia is a beatific state in 
which fear and worry and pain are absent and only a contented 
consciousness remains. But analgesia can be maintained only by 
a most skilful grading of nitrous oxid which is incompatible with 
the moving of the patient from bed to surgical carriage; from room 
to operating theater. We therefore adopted the policy of taking 
the operation to the patient instead of bringing the patient to 
the operation. In these desperate cases we perform the operation 
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on the patient in bed under analgesia and local anesthesia. In 
order that the precise state of the analgesia may be known — 
whether too deep, too shallow, or just right — the patient is leisurely 
and continuously throughout the operation engaged in conversa- 
tion by the surgeon, the anesthetist, or another person. By this 
simple means the anesthetist always knows just where the patient 
is, and the sole guide to the depth of the analgesia is the intellectual 
response of the patient. 

The patient is not allowed to penetrate beyond nor return 
from the happy state of analgesia until the operation and the dress- 
ings are completed. In a grave risk the entire neck wound is 
left open for twenty-four hours. This gives entire freedom, pre- 
vents stiffness and restraint. The wound is closed on the next 
or following day under analgesia and heals without difficulty; 
and, incidentally, it requires no drainage. Following the lead 
suggested by the fact that with each degree of rise in tempera- 
ture in a biologic as in a physical system, chemical activity — 
metabolism — is increased 10 per cent.; and conversely, that with 
each degree of fall in temperature metabolism is decreased 10 per 
cent., we have attempted to control the excessive postoperative 
metabolism, which in some cases of exophthalmic goiter is mani- 
fested by an acute rise in temperature shortly after oj>eration by 
the application of an ice-pack. In these cases the consequent 
decline of the temperature has been as dramatic as its rise. (See 
Charts, Fig. 62.) 

Thus through many trials and errors and constant analysis 
and criticism, with the active co-operation of a laboratory devoted 
to the problems suggested, with a receptive hospital and nursing 
management, and an especially devoted, untiring staff of surgeons 
and anesthetists, the present surgical treatment of exophthalmic 
goiter has been evolved. It represents the most complete anocia- 
Hon we have been able to develop. At last we have arrived at the 
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stage in which we can pleasantly and securely anociate these 
patients. We have now only an occasional death among these 
frail and shattered human beings. In fact, our recent records 
show a series of 206 consecutive thyroidectomies and 87 ligations 
without a goiter death, the one death in the series being due to 
double pneumonia. 

The exophthalmic goiter patient is exquisitely susceptible to all 
stimuli. Of special importance are the stimuli of trauma, of 




Fig. 62. — Effect of the Application of an Ice-baq in Cases of Exoph- 
thalmic Goiter, Showing an Acute Postoperative ] Rise [in Tem- 
perature. 

emotion, of infection. We have spoken of fear and trauma, we 
must add that infection is especially dangerous. We have seen a 
case of advanced exophthalmic goiter die from a cold. Even a 
slight infection causes an exaggerated febrile and general reaction 
which is analogous to the striking response to slight injury, to 
slight fear, to slight worrj'. The various types of defense mech- 
anism whose action requires the transformation of energy are all 

sensitized. 
15 
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As to the individual case, it may be treated by one of three 
general plans which are graded according to the degree of severity 
of the disease: 

1. In moderate cases the entire operation may be completed 
in one seance. In fact, with the possibilities of control by present 
methods of anodation, it is possible in a large proportion of the 
cases to perform the whole operation in one stage. 

2. Cases of greater severity, but w^hich are fair risks, may re- 
quire a preliminary ligation, which is always done with the patient 
in bed under analgesia and local anesthesia. After an interval 
of from six weeks to two months the lobectomv is done in one 
stance, as in Group 1. 

3. Cases which are on the brink of dissolution may not endure 
even a ligation at first. In these extreme cases we may first 
inject into the gland a small quantity of hot water (Porter), repeat 
after a brief interval, and later ligate first one vessel, then a second 
vessel. During these maneuvers the patient is kept constantly 
in bed, and every art is lavished by the nurse and by the staff 
to ensure quiet and peace. If after the second ligation there 
is not sufficient improvement to warrant a lobectomy, only a 
part of a lobe is removed under analgesia and local anesthesia, 
with the patient in bed. The wound is left open for twenty- 
four hours and is then closed. After another interval a second 
larger block of tissue is removed in similar manner, and the 
patient is sent away with the greater part of the smaller lobe 
excised to wait under an explicit hygienic regimen until improve- 
ment has progressed sufficiently to permit the safe removal of the 
second and larger lobe. After this final operation there is an on- 
rush of improvement, though final recovery demands that the care- 
fully outlined hygienic regimen be followed for a prolonged period 
in a care-free, restful environment. 

A comparison of the records of the cases of exophthalmic 
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goiter operated upon at Lakeside Hospital shows in 28 consecutive 
ether cases an average increase of 25 beats in the pulse-rate in the 
first twenty-four hours after operation and 29.9 beats durmg the 
operation; while 28 consecutive anociaied cases showed an average 
rise of but 3.03 beats in the first twenty-four hours after operation 
and a /a// of 6.39 heats during the operation. 

Our records include 2540 thyroid operations, of which 1171 
were for exophthalmic goiter. 
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Fig. 63. — Chart Illustrating Protection Afforded by Use of Anociaiion 

IN Thyroidectomy. 

The patient's brain received neither traumatic nor psychic stimuli from the 
time she was anesthetized in bed until she returned again from the opyerating- 
room. Her pulse-rate /eW slightly during the operation. On the other hand, 
the psychic strain undergone by the patient's sister while the operation was 
being performed caused her pulse-rate to rise to 124. 

We feel increasingly secure in our judgment as to when to re- 
move the gland and how much to remove. No problem in sur- 
gery has been more interesting — more illuminating. No other dis- 
ease expresses itself in such dramatic terms. Exophthalmic goiter 
displays normal processes as if under the magnification of a mi- 
croscope, and therefore offers an illuminating view of normal as 
well as of pathologic physiology. Our study of this disease has 
compelled us to adopt methods and vie^'points that have been 
of value in many other problems of the operating-room (Fig. 63). 



CHAPTER XVII 

ANCX3ATION IN OPERATIONS FOR CANCER OF THE 

BREAST 

In our series of 1031 operations on the breast we have found 
that few large operations produce less shock than does an excision 
of the breast. In certain cases every anoci precaution must be 
taken in this operation, however, because patients with cancer of 
the breast may be heavily handicapped by long illness, by overwork 
and worry, by age — by all the noci-associations which accompany 
this disease, not the least of which is the crushing fear of the can- 
cer itself. 

Shaip-knife dissection; the avoidance of blunt dissection, of 
rough sponging, of shaip-hooked retractors; the protection of the 
raw surface; adequate exposure of the field in the axilla; the com- 
plete control of hemorrhage — all these are suflScient guarantees 
that there will be no shock. 

To minimize postoperative pain and to prevent infection from 
necrosis of the tissues the skin surfaces should not be pulled to- 
gether with tight sutures, but to avoid tension the field should 
either remain open, skin-grafts being made close to the surface, 

or the Rodman technic for making skin-flaps should be employed. 
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CHAPTER XVIII 

ANOOATION IN OPERATIONS IN THE MOUTH AND 

NECK 

CANCER OF THE LARYNX 

The value of the two-stage operation is perhaps best illus- 
trated by the two-stage operation for cancer of the larynx, in the 
first stage of which, by means of a preliminary gauze packing, 
that very vulnerable area, the mediastinum, and the region along 
the deep vessels and the trachea and esophagus are amply pre- 
pared to resist the inevitable exposure to infection when the 
lanux is removed. This technic eliminates the great danger of 
mediastinal infection which, after pneumonia, has been the most 
dangerous result of laryngectomy. The explanation of the charac- 
teristic painless, tedious, and fatal course of mediastinal abscess 
is probably found in the fact that the bony chest wall has always 
protected this region of the body from wounds. Being protected 
agahist wounds through the vast periods of man's evolution, it 
has been also protected against infection. The tissue of this pro- 
tected region, therefore, has not been endowed with the defense 
mechanism required to meet and overcome infection, as have been, 
for example, the peritoneum and the external parts of the body. In 
view of this fact we must guard this helpless territory with special 
care by means of preoperative protection. An ideal defense is 
made by opening and packing the deep planes of the neck, and 
at the same s&mce making a tracheotomy. By this means the 
mediastinum is put under strong guard, and at the same time 

the later technic of the laryngectomy is measurably reduced. 
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The danger of vagitis may be eliminated if the dissection s 
carried on one side of the lar\Tix all the wa\ to the upper marp:in 
of the field of final operation this temtor\ being packed with 
iodoform gauze just as the deep planes of the neck are packed 
{Fig. 64). By this procedure one\agus must take the brunt of 
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Fia. 64.— Laryngectomv: Schematic Drawing to iLLraTRATE the Method 
OF Packing the Lateral Planes op the Neck with Iodoform Gauie 

AT PRELIMINARV OPERATION. 



exposure and adjustment before the larynx is removed. By the 
time the larj-ngectomy is done this vagus will be readjusted and 
ready to resume its function in case it be affected at all, and so the 
heavy onslaught of the vagi upon the heart will not be made by 
both vagi simultaneously. 
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Fiu. 65. — Lahynkectomy: Infiltration- of Skin with Novi 
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Fio. 66. — Lakynoectomy : Infiltration of FastCia with NovorAiN. 
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The second stage — the excision of the lar^vnx — is safely and 
easily accomplished. Each division of skin, subcutaneous tis- 
sues, plat^-sma, and mucosa is preceded by a thorough infiltration 
nith novocain. Reflex inhibition of the heart and respiration 




Fig. 68. — Labynoectomy: Schematic Drawing Showin'q Ahranqement 
OF Tube through which the Inhalation Anesthesia is Administered 
AND AiBo THE Shoemaker's Stitch Used in Closinq Pharyngeal Open* 



through mechanical stimulation of the superior laryngeal nerves 
may be absolutely prevented by the hypodermic administration 
of atropin rhs gr- (adult dose) before the operation, and during 
the operation by the local use of novocain applied either by a 
spray or hypodermically. I.aryngectomy is usually followed by 
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a brisk reaction; but since the mediastinum has been protected 
by the previous gauze packing, and the bronchopulmonary tract 
has been given a special defense by the preh'minary tracheotomy, 
the patient is well equipped to meet the new condition (Figs. 
64-68). 

Of 34 laryngectomies, 28 have been performed in two stages, 
with but a single death. 

CANCER OF THE TONGUE 

In operation for cancer of the tongue two difficult problems 
must be met — the immediate surgical risk and the possibility of 
permanent cure. The principal immediate danger is pneumonia 
from inhalation of infection from the field of operation, while 
there is also danger from the exhaustion which is a result of the 
diminished ingestion of food, the prolonged endurance of the 
disease, and the operation. 

To ensure a permanent cure not only is the cancer to be re- 
moved, but the pertinent glands of the neck must be completely 
excised, whether they be enlarged or not. If both of these opera- 
tions be performed at the same seance, then the patient may go 
to the ground because he is unable to bear the burden of the 
diminished nutrition and the soreness over so large a field as the 
mouth and neck in addition to the inevitable infection in the 
mouth. The possibility of a permanent cure depends also on 
the prevention of the immediate implantation of cancer cells in 
the mouth at the time of the operation. If the cancer is not 
large, no cutting operation whatever is made, but with the cautery 
all the disease in the mouth is destroyed. If, however, the growth 
be extensive, it is best on one dav to cauterize the field of the disease 
and on the following day, after the cancer cells have died of starva- 
tion, to excise the entire cancer field in the mouth. After the 
patient has well recovered from the mouth operation and is able 
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to take nourishment satisfactorily, the final operation — excision 
of the glands of the neck — can be performed without great incon- 
venience to the patient. Bloodgood has achieved remarkably 
good results by the cautery method. 

In addition to the lessened risk of the extension of the cancer, 
the two-stage operation lessens also the danger of infection, for 
when the whole operation is performed at one seance the neck is 
so sore that the patient is almost certain to inhale infection from 
the mouth directly, whereas if the neck be normal the patient is 
able to stand up, to move about, to spit out the accumulations, 
and thus to protect his lungs against infection. 



CHAPTER XIX 

ANOOATION IN RELATION TO THE HANDICAPPED 

PATIENT 

HYPERTENSION 

In considering the advisability of operation upon a patient with 
hypertension, we shall find that while at times the hazard must be 
taken at once, at times, also, operation may be delayed until the 
hypertension hazard has been eliminated or to some extent at 
least diminished. If a patient with a benign tumor be in the throes 
of an overwhelming grief, or if he be passing through a psychic 
strain — the result of intense worry or anxiety — the operation may 
well be delayed until the emotional stress has passed. If the 
hypertension be due to a pyogenic infection, the operation fof a 
chronic disease mav be delaved until the focus has been eradicated. 
Again, operation for benign tumors or chronic diseases may await 
the most favorable phase of that form of hypertension which can 
be partially controlled by nitroglycerin, meat-free diet, rest, and 
diversion. In these controllable cases, however, we do not meet 
the great problems, which are: (1) to discover just what are the 
special risks when operation in hypertension cases cannot be 

» 

postponed; and (2) to evolve means by which these risks may be 
minimized or obviated. 

The natural sequelae in h}T)ertension cases are embolism, 
thrombosis, renal insufficiency, angina, pneumonia, and cardiac 
failure. Why are these dangers precipitated by operation? We 
know that some of these results are to be expected when the indi- 
vidual with high blood-pressure is subjected to undue mental or 
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physical exertion; to sudden shock, either physical or psychic; or 
to heavy nen'ous strain. From such cases a heavy toll of Ufe is 
levied at seasons of great stress. In the hypertension case the 
avoidance of excitement is desirable, although the patient seems 
rugged and strong and confident. The surgeon must not allow 
himself to be misled; he must look upon this man as a bridge 
upon which has been loaded all the weight it can hold. It is the 
last pound that causes the crash. Until the crash, all seems well. 
These patients should be managed just as nearly like a case of 
exophthalmic goiter as possible. Complete anociation is indicated. 
There must be freedom from excitement, minimum trauma, 
maximum protection. Fither, especially, is to be avoided. Pre- 
liminary rest, preoperative morphin, and sleep on the night before 
operation are important. These precautions may seem exagger- 
ated, but experienced clinicians will understand their significance. 

NEPHRITIS 

In the presence of nephritis adequate preparation is essential. 
Ensure rest; prescribe nephritic diet; urge water; avoid anxiety, 
dread, worry; and in general follow the plan already outlined for 
cases of hypertension. 

DIABETES 

In the surgical treatment of patients with diabetes the prime 

essential is to defer operation until the urine has been made free 

from sugar, acetone, and diacetic acid by the Allen starvation 

treatment. Then operate under complete anociation, as in cases of 

nephritis and of hypertension. It is well to bear in mind that the 

diabetic bears opium well. Our statistics include 15 amputations 

for diabetic gangrene; and a study of the postoperative course of 

these cases shows an enormous difference between the results of 

operations on carefully prepared diabetic patients and the results 

of the operations on unprepared cases. 
16 
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PREGNANCY 

When an operation on a pregnant patient is required the more 
nearly the treatment approximates the treatment of a case of 
exophthalmic goiter, the less is the probability of a resultant mis- 
carriage. 



CHAPTER XX 

THE RELATION OF ANOOATION TO POSTOPERATIVE 

MORBIDITY 

The best clue to the comparative value of different operative 
methods is found in a study of the postoperative morbidity. 

After operations performed under ether anesthesia alone 
surgeons note a familiar train of sequela*. T:nfortunately, not all 
of these are absent after operations under anociatumy but while 
some are obviated, all are markedly mitigated. 

It has already been stated that a study of the pulse durnig and 
after the operation perhaps gives us our best clue to the value of 
the protective technic of (mociatioji and explains the strikingly 
decreased postoperative morbidity after anociated operations. A 
comparison of F^OO consecutive cases operated upon under ether 
with 500 consecutive cases operated upon under an(X'mti(m showed 
in the ether cases an average increase of 21.0 beats during the 
operation, while the anociated cases showed an average fall of 
0.83 beat during the operation. 

Among the postoperative sequehe that are greatly diminished 
are gas-pains after abdominal sections. x\nd one of the most 
gratifying improvements is the striking diminution of the post- 
operative nervousness and postoperative neurasthenia. This im- 
provement is analogous to the diminished hyperth\Toidism, and 
the more speedy convalescence after the anociated surgical treat- 
ment of exophthalmic goiter. The more nearly the nen'ous 
system is maintained in a tranquil state, the less the nervous 
reaction. 
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NAUSEA AND VOMTTING— DIGESTIVE DISTURBANCES 

The intensity of these postoperative symptoms depends upon 
the field of the operation; on the inhalation anesthetic; on the 
amount of postoperative pain; and on the gentleness or roughness 
of the operator. Appetite may be driven away and digestion may 
be broken down by even a simple operation on any part of the body 
if it be crudely and roughly performed under ether anesthesia, 
or if the tension of the stitches be too great and the dressings too 
tightly applied. 

On the other hand, except for the occasional occurrence of 
morphin nausea, nausea and vomiting may be obviated and the 
digestive impairment will be minimized by nitrous oxid-oxj'^gen 
anesthesia, sharp-knife dissection, the gentle manipulation of tis- 
sues, cautious despatch in operating, complete nerve blocking 
during the operation and for several days thereafter, and the care- 
ful insertion of stitches and application of bandages. No matter 
how extensive or what the location of the operation, if it be per- 
formed under complete anociaiumy a nursing mother ^dll be able 
to give each regular feeding, and the babe will give no token of 
digestive disturbance. 

BACKACHE 

In anociated operations the patient rests on the operating- 
table on a warm water-bed. For this reason, and since the muscles 
are not relaxed under the mild nitrous oxid-oxygen anesthesia, 
heavy strain on the ligaments and joints is eliminated, and back- 
ache is prevented, except that backache which is produced by the 
technic of certain abdominal operations, such as supravaginal 
hysterectomy. In our comparative study we found that in the 
postoperative bedside notes of 500 cases operated upon under 
ether anesthesia backache is mentioned in 91 cases, while in 500 
eases under anociaiion it is mentioned onlv 30 times. 
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NEPHRITIS 

The lipoid-solvent action of ether is sufficient reason for the 
ether nephritis, as the renal epithelium contains much lipoid sub- 
stance. The use of nitrous oxid-oxj'gen does not cause nephritis. 

PNEUMONU 

The diminution of the number of cases of postoperative pneu- 
monia since the adoption of the technic of anociation is striking. 
The more careful handling of tissue, especially in abdominal 
operations, the avoidance of ether, the absence of vomiting, the 
ability to sit up promptly, and to move about earlier, the lessened 
depression of the circulation, the absence of mucus, may reasonably 
account for this very important improvement. 

These results return to the nursing staff, to the professional 
staff, and to ourselves the reward for the labor and patience, the 
observation, analysis and errors, and the laboratory experimenta- 
tion, all of which have contributed to the establishment of the 
principle of anociation. 



CHAPTER XXI 

THE TRANSFUSION OF BLOOD 

The special points of interest and importance in relation to 
the transfusion of blood are: 

1. The technic of transfusion. 

2. The fate of transfused blood. 

3. Blood reactions. 

4. The physiologic effect of transfusion. 

5. The danger of transfusion. 

TECHNIC OF TRANSFUSION 

Methods. — (o) Direct. — The safest but the most difficult 
method of transfusion is bv vessel to vessel — arterv-to-vein or 
vein-to-vein — anastomosis. The indirect methods are now pref- 
erable. 

(6) Indirect — There are now excellent indirect methods of 
transfusion, such as the collection of blood from the donor directly 
from the vein into paraffined glass receptacles, from which it is 
introduced into a vein of the recipient. Good models of these 
receptacles are the Vincent, the French, and the Kimpton-Brown 
(Fig. 69). The syringe methods of transfusion are also quick and 
useful — e, g,, the Lindeman and the Unger. The simplest of all 
is the citrate method. Whatever method is employed, the two 
special dangers to be avoided are: (o) clotting, and (6) fragmenta- 
tion of the red corpuscles. Clotting is prevented (o) by keeping 
free from injury the intima of the blood-vessels which is in con- 
tact with the blood-stream; (6) by washing away all thrombo- 
plastin in the tissue wound and the blood-vessel wound with saline 
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or citrate solution; (c) by carefully paraffining the receptacles and 
tubes employed (Fig. 70). 




Fio. 69. — Transfusion Tube Devised with the Aid of the Staff of a 
Casualty Clbabino Station. (Capacity 450 c.c Made by Gentite, 
Paris.) 

THE FATE OF TRANaUSED BLOOD 
The matched whole blood of a normal animal transferred to 

another animal of the same species functions normall\'. 

BLOOD REACTIONS 

The transferred blood of normal indi\i(iuals of the same species 

may cause reactions — occasionally serious reactions. Thb can 

be obviated by proper grouping. If this has not been done, a 

very small amount of blood only should be given and sjTaptoms 
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noted. If at the b^^inDing of a transfusion there ia precordial 
pain, restlessness, respiratory dbtress, urticaria, flushed face, 
sweating, it would be well to stop the transfusion. If the condi- 




tion is urgent, then, in the face of these symptoms, a large dose of 
morphin is given and the transfusion is cautiously continued. 
If time permits, however, the compatibility of the blood of the 
donor and recipient should alwa,\-s be established by the method 
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of Brem.^ This is especially required in patients having infectious 
or chronic diseases. In some cases prolonged infection apparently 
causes changes in the blood — changes dangerous for transfusion. 
Such changes are infrequent in acute hemorrhage or shock in 
othen^'ise normal individuals. In military surgery we found 
greater tendency to blood reactions at the base hospitals, where 
infections are common, than at the front area, where the patients 
were freshly wounded but othen^use normal. 

Grouping is, therefore, highly important. Short-cut methods 
have been developed by Moss, Lee, and Karsner,* to the last 
named of whom we are indebted for the following notes: 

BLOOD GROUPS 

"Any of the standard methods for demonstration of agglu- 
tination may be applied, but that reconmiended by Lee appears 
to be the simplest and quickest. For this test it is necessary' 
to have the sera in individual Groups 2 and 3 (Fig. 71). A plati- 
num loopful of each of these sera is placed on a clean micro- 
scope slide, and to each is added either an equal amount of whole 
blood, or blood placed in 1 per cent, sodium citrate solution or in 
physiologic saline solution. In reading the agglutination care 
must be taken not to confuse rouleaux formation for agglutination. 
The test is routinelv carried out as follows: 

"From ^ to 1 c. c. of 85 per cent, sodium chlorid solution is 
placed in a small test-tube into which are dropped 2 drops of the 
blood to be tested. If a clot forms, a satisfactor>' emulsion of cells 
can be made by shaking the tube. A platinum loopful of each of 
the standard sera is placed on a clean slide, and into each drop a 
loopful of the blood emulsion is rubbed. The reading of the ag- 
glutination is made under the microscope (16 mm. objective) 
and is usually complete in from five to fifteen minutes. As will 
be seen from the table, if both drops show agglutination, the blood 
is Group 1; if neither shows agglutination, it is Group 4; and if 
one shows agglutination and the other not, the blood belongs to 

I Jou-. Amer. Med. Assoc, July 15, 1916. * Ibid., March 16, 1918 
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the group in which there is no agglutination. A somewhat 
smoother emulsion may be made by inverting the slide so as to 
convert the drops into hanging drops. The inverted slide can 
be placed on the microscope stage on another slide whose ends 
are built up with small pieces of fairly thick slide pasted on with 
balsam. We frequently use a Group 4 serum as a control. The 
reaction is so sharp that it is easily read, and if a microscope is 
not available a lens of 10 diameters' magnification will be quite 
ample in the hands of a trained worker; and the tests should be 
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Fig. 71. 



carried out by a properly trained man. Reports can usually be 
handed to the surgeon in fifteen minutes. 

"A large list of available donors may be grouped in this fashion, 
so that when a patient needs a transfusion, his blood may be quickly 
grouped, and a donor selected from the list posted either in the 
laboratory or the operating theater. Donors should be free from 
infectious disease, particularly syphilis. 

"It can readily be seen that if a donor is used in the same group 
as the recipient, the cells of neither will be agglutinated or hemo- 
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lyzed. Lee maintains, however, that if the donor's serum, ac- 
cording to in vitro experiments, agglutinated the recipient's cells, 
such a donor may be safely used because the donor's serum is 
thus diluted five to twelve times, and in addition, the recipient's 
cells are *amply protected by his own serum,' presumably because 
of the presence of some antiagglutinative substance. Conversely, 
if the donor's cells are agglutinated by the recipient's plasma, re- 
actions appear which may be so severe as to be fatal, and at least 
such a transfusion would be of no value because the agglutinated 
cells are finally hemolyzed. 

"If these statements be true, Group 4 donor may be used for 
any transfusion, as their cells are not agglutinated by the serum 
of any group. In the same manner Group 1 may receive blood 
from any donor, as the serum of Group 1 does not agglutinate any 
cells. While feeling sure that Group 4 may be used as the 'uni- 
versal donor* with almost complete safety, the writer prefers to 
use donors in the same group as the recipient when possible because 
of his observation of one unfavorable case in which a reaction ap- 
peared, the test having sho\^Ti that the donor's serum agglutinated 
the recipient's cells as demonstrated by the method of Kolmer. 
... If the standard sera are not obtainable, Lee recommends the 
following method as the minimum procedure for testing: 

"A small amount of blood is collected from a patient (1 c.c. 
from the ear or finger is sufficient) and allowed to clot. The serum 
is then obtained. One drop of this serum is placed upon a slide 
and mixed with a drop of a suspension of blood of the donor taken 
into 1| per cent, citrate solution. (A few drops of blood are taken 
into approximately ten times the amount of one and one-half 
citrate solution and shaken. It b very important that the blood 
be dropped directly into the citrate, and should not be partially 
coagulated.) The test will appear in a few moments, and is best 
examined under the microscope, where, in the event of a positive 
test, marked agglutination will be evident. The test will also be 
evident microscopically. In the event of a negative test it is a 
wise precaution to raise the cover-glass, and after making sure 
that the serum and cells are well mixed, to examine the prepara- 
tion again. The only possible source of confusion is the appear- 
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ance of rouleaux of the red corpuscles indicating a too thick emul- 
sion. If the test is negative, transfusion may be regarded as 
entirely safe." 

"PERCENTAGE DISTRIBUTION OF GROUPS 

"The figures with which the writer is familiar are based on a 
relatively smaU number of observations. Statistics of this sort 
naturaUy increase in accuracy with the number of observations. 
Being in a position where a large number of soldiers could be 
examined, the bloods of 1000 individuals were subjected to ex- 
amination, with the following results: 

Per cent. 

Group 1 3.1 

Group 2 42.4 

Group 3 8.3 

Group 4 46.2 



100.0 



"Granting that Group 4 is the universal donor, the chances of 
a member of any group having a suitable donor in case the blood 
is not tested are as follows: 

Group 1 493 in 1000 

Group 2 886 in 1000 

Group 3 545 in 1000 

Group 4 462 in 1000 

"If the group percentage in each group is multiplied by the 
favorable chances of that group expressed as fractions of 1000, 
and the results added, the total gives the chance of an individual 
having a successful transfusion if the bloods are untested. This 
figure is 649 in 1000." 

PHYSIOLOGIC EFFECT OF TRANSFUSION 
In normal, as in exhausted animals, transfusion causes a rise in 
the blood-pressure even to double the normal, the increased pres- 
sure being wholly or in part sustained for at least two days. At 
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the high level thus mechanically established the nervous system 
exerts no control. After overtransfusion the spinal cord may be 
anesthetized or destroyed, the medulla divided, or the animal be- 
headed without causing any change in the blood-pressure. This 
fact suggests the question: Can an animal be killed by traumatic 
shock in the presence of a high blood-pressure stabilized by over- 
transfusion? It can be killed, bid the amount of trauma required 
is greatly in excess of that required to kill a normal animal not so 

transfused. 

DANGERS OF TRANSFUSION 

One danger of transfusion is an acute dilatation of the heart in 
debilitated patients. Other dangers are serum reaction, hemol- 
ysis, and embolism. If there is time, all these are readily avoided. 
When the blood-pressure has been low for some time as a result 
of hemorrhage or shock, the myocardium, like other tissues, is 
impaired and weak. If blood is transfused rapidly, acute dilata- 
tion and inunediate death may follow. In this connection it is 
recalled that when the volume of blood in the heart is increased 
the work of the heart is augmented in geometric ratio — i, e., if 
the volume of blood hi the heart is trebled, the work of the heart 
is increased nine times. The symptoms of acute dilatation may 
be most misleadhig. The pulse becomes more feeble, the respira- 
tory distress increases, and in the urgency of the moment these 
phenomena may be interpreted as due to a failing circulation from 
want of blood — failure just as help is coming. If acute cardiac 
dilatation should be mistaken for a failing circulation, then dis- 
aster is quite sure to follow, for the patient's head will be lowered 
still more, the infusion of blood accelerated, and death from acute 
dilatation assured. Whereas, if acute dilatation is promptly rec- 
ognized, then relief is easily secured. The patient is propped 
upright; pressure is rhv-thmically exerted with open hands upon the 
chest, thus emptying the overdistended heart. The patient is 
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then laid down, and by rhj-thmic pressure upon the chest the heart 
is assisted to do its work. Just as soon as a rising pulse is secured 
it is well to pause, since the renewed and stronger circulation of 
blood in the coronary arten- will rapidly restore the power of the 
myocardium. As an aid hi this crisis — which is rare — an intra- 
venous injection of digitalone is extremely useful. 

Hoiv can the correct differentiation he made between acute dila- 
tation of the heart and further collapse froyn anemia f By percussing 
the right heart. Before transfusion is begun, the margin of the 
right heart should be outlined by percussion, and in the first period, 
until the pulse comes up, the position of the right heart should be 
noted. In this wav the status of the heart mav be established with 
certainty. If in doubt, one should pause and, without changing 
the position of the patient, make rhythmic compression over the 
heart. Should there be no dilatation, no harm will be done. If 
dilatation exists, benefit will result. 

The behavior of the heart in these conditions has been experi- 
mentally studied with the chest open to direct inspection, while the 
carotid blood-pressure tracings were recorded on a drum. 

With these checks and precautions blood transfusion becomes 
safe, simple, and nsefnl. 

How does transfusion minimize shock f By overcoming anemia 
and, perhaps, in other ways not as yet appreciated. 



CHAPTER XXII 
ANESTHESIA 

The choice of anesthetic lies among the lipoid solvents, ether 
and chloroform; nitrous oxid-oxygen; and spinal, regional or local 
anesthesia. In making a choice, we must know (a) what damage, 
if any, is caused by the anesthetic 2)er se; and {h) what protection, 
if any, is offered by the anesthetic per se. 

(a) Ether and Chloroform. — In normal animals and normal men, 
as has already been stated, inhalation anesthetics — chloroform 
and ether more markedly than nitrous oxid — cause increased 
H-ion concentration of the blood — acidosis — during and about 
one hour after anesthesia. Protracted ether or chloroform 
anesthesia causes cytologic changes in the cells of the brain, 
the liver, and the adrenals identical with those resulting from 
other causes of exhaustion. After from four to six hours of 
continuous ether anesthesia many animals die at once; and 
some never regahi consciousness, but die within the first twenty- 
four hours. Nitrous oxid-oxygen does not injure the brain, but 
measurably protects it against shock; and, moreover, nitrous oxid- 
oxygen possesses some of the restorative power of sleep (Fig. 72). 
Ether and chloroform actively contribute to shock and exhaustion. 
They should, therefore, be given evenly and lightly, as by the ex- 
cellent Shipway apparatus. Captain Gregory Marshall has showTi 
that patients may apparently do well during ether anesthesia, 
but do badly afterw^ard (Fig. 73). These disastrous results follow 
ether in whatever form it is given, whether (a) warm ether vapor 
and oxj^gen, (6) intravenous ether, or (c) ordinary open-air drop 

ether. The ill effects are due to the damaging chemical effect of 
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ether. It is an anesthetic only by virtue of this effect, hence it is 
futile to warm ether or to change the type of inhaler in the expec- 
tation that that will modify the damaging chemical effect by virtue 
of which it is an anesthetic. 

(h) Nitrons oxidroxygen anesthesia is light and gives less 
muscular relaxation than ether or chloroform. Special training 
in its adviinistration is absolutely required, for it is technically the 
most difficult of all anesthetics to administer safely, although its 
administration is facilitated by recent improvements in the ap- 
paratus. These disadvantages, however, are far outweighed by 
its advantages, as compared with ether or chloroform. It is 
quick in its action; is pleasant to take; recovery is immediate; it 
produces no nausea; it is protective — strongly protective — against 
the shock of operation. Nitrous oxid-oxygen is almost a specific 
against shock. It apparently owes this property to its interference 
with the use of oxygen by the brain cells, as a result of which the 
cells cannot expend their energy', and in consequence cannot ac- 
cumulate acid by-products in response to the trauma of operation . 
In this sense nitrous oxid is an ideal anociating agent. It is as 
protective as the local blocking of nerves, but for another 
reason. Nowhere have the results of the use of nitrous oxid- 
oxygen been more dramatic than in military surgery in the front 
areas, as is shown by the charts of Captain Marshall (Fig. 74). 
These charts could be multiplied indefinitely. They typify every- 
day results. In any series of grave cases in miUtary surgery the 
use of nitrous oxid-oxj'gen alone will improve results in abdominal 
and chest operations about 25 per cent.; in high amputations, 
about 100 per cent. 

For many minor operations nitrous oxid produces a pleasant 
analgesia in which pain is abolished while consciousness is retained. 
It can be given under positive pressure when desired, as in chest 
operations, maintaining the lung flabbily in the chest, against the 
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F[(i. 72. — Rehthrativk Effeit of Natl-«al Sleep and ov Xitrois Okid 

AXESTHESIA O.V THE CEREBELLUMS OF RaBBITS EXHAUSTED BY PRO- 

LOXUED Insomnia, (From ramrni luoida drawings.) 

A, Swtion of normal nercbellum of rabbit. B, Sf-rtion of neretu'llmii of a 
rabbit after insomnia one hundred and nine tiours, C, Section of cerebellum 
of a rabbit which during one hundred and nine hours had been under nitrous- 
oxid anesthesia for one hour out of every six. D, Section of eercbellum of a 
rabbit which had slept for six hours aft«r insomnia for one hundmj and nine 
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chest wall, or protruding out of the opening in the chest wall, as 
may be required. It causes neither bronchitis, pneumonia, nor 
nephritis, and the patients recover so quickly that they can eat 
and drink soon after the operation. In' the case of one patient 
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Fig. 73. — Chart Illustrating the Disastrous After-EYYEcrs of Ether 
Anesthesia. Compare with Fig. 74. (By courtesy of Captain Gregory 
Marshall.) 



Gwathmey has given nitrous oxid-oxj'gen 139 times, and neither 
tolerance nor dread was established. 

Nitrous oxid, like ether and chloroform, must be pure. The 
apparatus for its administration must be capable of delivering 
any desired pressure and mixture of nitrous oxid and oxygen. 
The induction of anesthesia must be gradual, not too rapid; 
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and respiration must be established and maintained at an even 
rate. The patient must be kept pink throughout the anesthesia. 
The pitik patient cannot die. IF complete anesthesia cannot be 
secured, as in alcoholics, and the patient kept pink, or if anesthesia 
is attained, but sufficient relaxation cannot be secured and the 




Fig. 74. — Chart Illustrating the Protective Effect of Nitrous Oxid- 
oxvoEN Anesthesia. Compare with Fig. 73. {By courtesy of Captain 
Gregory Marshall.} 

patient kept pink by nitrous oxid-oxygen alone, then sufficient 
ether must be added. The safety of nitrous oxid-oxygen anes- 
thesia is indicated by the fact that in Lakeside Hospital it has been 
administered by the chief anesthetist. Miss Hodgins, and by her 
pupils, over 26,439 times without an anesthetic death. 
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Because nitrous oxid-oxygen anesthesia is more difficult to 
give, costs more, and requires more expensive apparatus than 
ether, this anesthetic seems less satisfactory to the operator; but 
because its protection is so great, its inhalation so pleasant, its 
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Fig. 75. — Chart Illustrating the Immediate Fall in Blood-pressure 
Resulting from Spinal Anesthesia. (By courtesy of Captain Gregory 
Marshall.) 



after-effects so slight, it must be regarded as strictly the patient's 
anesthetic. 

(c) Spinal Anesthesia, — Captain Marshall's observations show 
that one of the immediate effects of spinal anesthesia is the fall 
in blood-pressure (Fig. 75). This has been conclusively shown in 
experiments on animals in our laboratory. Captain Marshall has 
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shown that the fall in blood-pressure is most severe in the recently 
injured patient whose blood is dilute, his hemoglobin low. After 
about forty hours have elapsed since the injury was received, 
spinal anesthesia is comparatively safe This length of time 
compares with that required for stabilizing the circulation by the 
re-establishment of the normal factors of safety. It is the recently 
injured man in deep shock who stands most in need of the pro- 
tection of nerve blocking. In both the laboratory and clinic it 
has been shown that no amount of trauma upon an area physio- 
logically severed from the brain by a local anesthetic, by blocking 
of the spinal cord, or the nerve trunks, or by local infiltration can 
cause shock. In this manner, so far at least as trauma is con- 
cerned, a shockless operation may be performed, but the sights and 
sounds of the operating-room; the patient's knowledge that his 
flesh is being divided by a knife; that his blood-vessels are being 
divided and tied; the sound of the saw that severs his bones — all 
these contribute to psychic shock. Spinal anesthesia is, there- 
fore, of value provided that the consequent great fall in blood- 
pressure may be prevented and that the psychic factor may be 
elimhiated. The technic of Colonel Hugh Cabot is excellent. 
He injects between the fourth and fifth lumbar vertebrae 2 c.c. of a 
5 per cent, solution of novocain with adrenalin diluted with 2 c.c. 
of spinal fluid. At this level the splanchnic area is not so mark- 
edly att'ected and the blood-pressure falls but slightly. 

(d) Lck'gI Anedhesiu, when applicable, is excellent. When 
local anesthesia is used it is best to ^ive morphin or omnopon in 
advance. 



niAITEU XXIII 
SUMMARY 

The development of the principle of uiuKdaiion and its applica- 
tion to the operations described in this monograph are the result 
of prolonged laboratory experimentation; of critical comparative 
study of the clinical data of operations performed at the Lakeside 
Hospital under ether alone, under nitrous oxid-oxygen alone, and 
under complete (inociniion; of the remarkable opportunities for 
observation during military field service; and of the practical ex- 
perience gained by the authors and their associates in the treat- 
ment, with and without anociation, of over 46,809 surgical cases. 

In this monograph we have endeavored to show that many 
causes — singly or in combination — may cause shock, and that 
shock may be produced by physical trauma with or without in- 
halation anesthesia ; that in the distribution of the defending noci- 
ceptors we have a brief epitome of our phylogenetic struggle for 
existence, as a result of which the most shock-producing injuries 
are those which affect those parts of the body which have the 
greatest number of nociceptors and those which defend the most 
important regions by muscular action. We have shown that 
nitrous oxid-oxygen anesthesia as compared with ether anesthesia 
protects against shock — is a true anociative agent — because of its 
interference with the use of oxygen by the brain cells. We have 
shown that physical exhaustion is the result of demonstrable 
changes in certain organs — notably the brain, the liver, and the 
adrenals — and that those changes when caused by trauma are 
due to an adaptive response of certain vital parts of the organism 

to the injury — a silent, motionless effort to escape from the physical 

2(53 
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injury of the operation, and that, therefore, if the field of operation 
be blocked by local anesthesia, or if the nerve connection between 
the brain and the injury be blocked, or if the brain cells are pre- 
vented from making an adaptive response, the physical injury 
alone cannot cause shock. We have shown that the motor mech- 
anism may be powerfully driven by psychic stimuli — perhaps as 
powerfully as by traumatism and physical exhaustion — and that 
corresponding changes are produced in the organs of the kinetic 
system. We have seen that when both the traumatic and the 
psychic stimuli are excluded shock cannot be produced by trauma 
alone. We have found that the essential pathology of shock is 
identical, whatever its cause. That is, when the kinetic system is 
driven at an overwhelming rate of speed — as by severe injur}', by 
emotional excitation, by perforation of the intestines, by the sud- 
den onset of an infectious disease, by an overdose of str^xhnin, by a 
Marathon race, by foreign proteins, by anaphylaxis — the result 
of these overwhelming activations of the kinetic system is a con- 
dition which is identical, however it may be clinically designated, 
whether surgical or traumatic shock, toxic shock, anaphylactic 
shock, drug shock, exhaustion, etc., or whether in the absence of 
activation the cells are injured by altered or suspended internal 
respiration, by starv^ation, by hemorrhage, by cold, by inhalation 
anesthetics, etc. 

The cytologic changes characteristic of shock and exhaustion, 
however caused, we believe to be due to intracellular acidosis. 
Intracellular acidosis interferes with intracellular respiration, which 
is life itMlf. This conception seems to us to explain the sympn 
toms of shock and to guide us to a means of prevention and treat- 
ment. Impaired internal respiration of the cells of the brain 
would result in impaired mental action, impaired muscular action. 
Impaired muscular action and impaired brain action results in the 
production of less heat, i, e., a lowered temperature. Relaxation 
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of the muscles, with relaxation of the vascular system, results in a 
lowered blood-pressure. Internal respiration is interfered with by 
secondary causes, such as anemia. If the intracellular exhaustion 
is not complete, then the transfusion of blood improves — cures the 
shock. If intracellular exhaustion is complete, then, despite a full 
pulse created by the transfusion of blood, the improvement is only 
apparent, not real. 

In the laboratory, in overtransfused animals, we caused death 
by trauma during a good blood-pressure and good respiratory ex- 
change; hence the fundamental cause of shock lies beyond the 
circulation. In our laboratory the presence of blood acidosis 
in shock was first observed. We found also that anesthetics cause 
acute blood acidosis, but that alkalies do not prevent anesthesia; 
nor are they of any considerable use in the treatment of shock. 
The treatment is directed toward securing physiologic rest, main- 
taining the body temperature, reinforcing the circulation, and 
lessening the intracellular acidosis. The best cure of shock is 
prevention. 

As a corollary to this theory an operative method has been 
evolved by means of w^hich shock is minimized or eliminated ac- 
cordingly as the principle of anodaiion is partially or completely 
applied. 

The practical value of anociation is attested by the fact that in 
the authors' clinic both the mortality rate and the postoperative 
morbidity have been reduced by the application of this principle; 
and bv the fact that when tested on an enormous scale in the vast 
surgical theater of the war the principles of anociation have been 
clearlv sustained. 

Were it possible to add to the surgeon's experience an expres- 
sion of the subjective symptoms of the patient, the proof of the 
value of anociation would be even more striking. There is no 
longer any need of the postoperative recovery room; the work of 
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the nurses is lessened; and the clinical aspect, both in and out of 
the operating-room, is altered. 

The achievement of these results means a thorough under- 
standing of the principles on which the technic is founded. It 
necessitates the intelligent and special training of assistants, 
interns, anesthetists, hospital officials, and nurses. It means a 
careful hand and a sharp scalpel. It presupposes attention to 
an^-thing that is for the good of the patient. It means that no 
detail is too petty for the careful attention of the surgeon himself. 
Above all, it means that from the patient^s first appearance in the 
surgeon's consulting room, throughout the entire cycle of hospital 
entrance, operation, and exit from the hospital, there must be 
no rough points of contact, either psychic or physical. 

If performed perfunctorily, as a dull ritual, the technic of 
anociaiion will fail; it can accomplish its purpose only when each 
detail, however minute, is considered from the viewpoint of the 
individual patient. 
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influence of inhalation anesthesia 

upon, 256 
kinetic theory of, 24 
evolution of, 24 
foundation for, 24 
organs of body involved in, 22 
phenomena of, 112 
prevention of, 221 
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